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PREFACE. 


Text-Books  on  Anatomy  have  in  later  years  grown  to 
such  dimensions  as  to  be  fitted  only  for  study  by  those 
who  are  able  to  devote  two  or  more  years  to  acquiring  a 
knowledge  of  that  science.  An  attempt  has  been  made 
in  the  following  pages  to  give  such  a view  of  Anatomy 
as  may  serve  as  an  introduction  to  Junior  Students  of 
medicine,  and  may  give  to  women  training — for  the  prac- 
tical work  of  nursing  the  sick — all  the  information  of  the 
structure  of  the  body  they  need.  To  others,  not  pro- 
fessed students,  who  may  desire  simply  to  obtain  an 
exact  but  elementary  knowledge  of  the  structure  of 
their  own  bodies,  this  little  work  may  perhaps  be  more 
inviting  and  serviceable  than  a treatise  of  greater 
elaboration  and  bulk. 

The  illustrations  have  been  drawn  from  various 
sources,  and  are  duly  acknowledged.  A large  number 
are  taken  from  Dr.  J.  M/Gregor-Bobertson’s  Elementary 
Text-Book  of  Physiology , belonging  to  the  same  series 
of  Science  Text-Books  as  the  present  volume.  By 
arrangement  with  Messrs.  J.  & A.  Churchill,  very 
many  illustrations  have  been  borrowed  from  Wilson’s 
Anatomist's  Vade-Mecum.  The  writer,  having  several 
times  edited  that  work,  has  necessarily  been  unable 
to  avoid  slight  resemblances  to  it  here  and  there  in  the 
present  work,  which  is  nevertheless  strictly  original 
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PREFACE. 


in  the  sense  of  having  been  written  from  the  knowledge 
gained  by  the  author  during  more  than  twenty  years’ 
experience  as  a teacher  of  anatomy. 

24  India  Street,  Glasgow, 

January,  1895. 


CONTENTS, 


Page 

Definition  of  Anatomy, 9 

Division  into  Sections, 9 

HISTOLOGY. 


the  description 

OF  THE  TISSUES. 

Page 

Page 

Cells  aad  Protoplasm, 

- 10 

Nervous  Tissue,  - 

- 

22 

Blood,  ...  - 

- 11 

Blood-vessels, 

- 

24 

Lymph  and  Chyle, 

- 13 

Lymphatics, 

- 

26 

Epithelium, 

- 13 

Serous  Membranes, 

- 

28 

Connective  Tissue, 

- 15 

Synovial  Membranes,  - 

- 

29 

Cartilage,  - - - - 

- 16 

Mucous  Membrane, 

- 

29 

Bone, 

- 17 

Secreting  Glands, 

- 

29 

Muscle,  - 

- 20 

OSTEOLOGY. 

THE  description  OF  THE  BONES, 

The  Skeleton, 

- 31 

Vomer,  .... 

. 

39 

Number  of  Bones, 

- 31 

Inferior  Maxillary,  - 

- 

39 

Vertebral  Column, 

- 31 

Skull  as  a Whole, 

- 

40 

Genei’al  Characters  of  Veidebrse,  32 

Vertex,  . . - - 

- 

40 

Cervical  Vertebrae,  - 

- 32 

Side  View,  . - - 

- 

40 

Dorsal  Vertebne, 

- 33 

Base,  .... 

. 

41 

Lumbar  Vertebrae,  - 

- 34 

Face,  .... 

- 

42 

Sacrum  and  Coccyx, 

- 34 

Hyoid  Bone,  ... 

- 

43 

Bones  of  Cranium, 

- 35 

Thorax  or  Chest, 

- 

43 

Occipital, 

- 35 

Sternum  or  Breast-bone,  - 

- 

43 

Parietal,  - - - - 

- 36 

Bibs,  . . . - 

- 

43 

Frontal,  - - - - 

- 36 

Costal  Cartilages,  - 

- 

44 

Temporal,  ... 

- 37 

Upper  Limb,  ... 

- 

45 

Sphenoid,  ... 

- 37 

Clavicle  or  Collar-bone,  - 

- 

45 

Ethmoid, 

- 38 

Scapula  or  Blade-bone,  - 

- 

46 

Bones  of  Face,  - 

- 38 

Humerus  or  Arm-bone,  - 

- 

47 

Superior  Maxillary,  - 

- 38 

Ulna,  .... 

- 

48 

Nasal,  .... 

- 39 

Radius,  - - - . 

- 

49 

Lachrymal, 

- 39 

Bones  of  the  Hand, 

- 

50 

Malar,  .... 

- 39 

Carpus  or  Wrist, 

- 

50 

Palate,  .... 

- 39 

Metacarpal  Bones,  - 

- 

51 

Turbinated,  ... 

- 39 

Phalanges,  ... 

- 

51 

V 


VI 


CONTENTS. 


jower  Limb, 

Page 

Page 

- 51 

Fibula,  - . - 

- 

- 56 

Innominate,  ... 

- 51 

Bones  of  the  Foot, 

. 

- 57 

Pelvis,  - . . - 

- 53 

Tarsus,  - 

- 57 

Femur  or  Thigh-bone, 

- 54 

Metatarsal  Bones,  - 

- 

- 58 

Patella  or  Knee-cap, 
Tibia,  . . . . 

- 55 

- 56 

Phalanges, 

- 

- 58 

ARTHROLOGY. 


THE  DESCRIPTION 

General  Description  of  Joints,  - 59 
Varieties  of  Joints,  - - - 60 

Movements  of  Joints,  - - - 61 

Ligaments  of  the  Vertebral  Column,  62 
Ligaments  of  the  Bodies,  - 62 

Ligaments  of  the  Lamime,  - 63 

Ligaments  of  the  Articular 
Processes,  - - - - 63 

Ligaments  of  the  Sj)inous  Pro- 
cesses, -----  63 
Ligaments  of  the  Occipital 
Bone,  Atlas,  and  Axis,  - 63 
Articulations  of  the  Skull,  - - 64 

Sutures,  - - - - - 64 

Joint  of  the  Lower  Jaw,  - - 64 

Ligaments  of  the  Ribs,  - - 65 

Ligaments  of  the  Pelvis,  - - 65 


OF  THE  JOINTS. 

Ligaments  of  the  Upper  Limb,  - 66 
Sterno-clavicular  Articulation,  66 
Movements  of  the  Scapula,  - 67 
Shoulder-joint,  - - - 67 

Elbow- joint,  - - - - 68 

Connections  between  the  Radius 
and  Ulna,  - - - - 69 

Wrist-joint,  - - - - 69 

Ligaments  of  the  Lower  Limb,  - 71 
Hip-joint,  - - - - 71 

Knee-joint,  - - - - 7*2 

Connections  between  the  Tibia 
and  Fibula,  - - - - 74 

Ankle-joint,  - - - - 74 

Joints  of  the  Foot,  - - - 75 

Arches  of  the  Foot,-  - - 75 


MYOLOGY. 

THE  DESCRIPTION  OF  THE  MUSCLES. 


General  Description  of  the  Muscles,  77 


Muscles  of  the  Head  and  Neck,  - 78 
Muscles  of  the  Face,  - - - 79 

Muscles  of  Mastication,  - - 80 

Muscles  of  the  Neck,  - - - 82 

Muscles  of  the  Tongue,  - - 83 

Muscles  of  the  Soft  Palate,  - 84 
Muscles  of  the  Pharynx,  - - 84 

Muscles  of  the  Chest- wall,  - - 84 

Muscles  of  the  Abdomen,  - - 84 

The  Inguinal  Canal,  - - - 88 

Diaphragm,  - - - - 89 

Muscles  of  the  Upper  Limb,  - 90 


The  Orders  of  Lever  as  exemplified 
in  the  Action  of  the  Muscles,  - 93 

Muscles  of  the  Forearm,  - - 95 

Muscles  and  Fasciae  of  Palm  of 
Hand,  - - - - 97 

Muscles  of  back  of  Forearm  and 

Hand, 98 

Muscles  of  the  Lower  Limb,  - 100 
Muscles  of  Front  of  Thigh,  - - 100 

Muscles  of  Buttock  and  Back  of 

Thigh, 101 

Muscles  of  the  Leg,  - . - 102 

Muscles  of  the  Foot,  - - 104 


ANGEIOLOGY. 

THE  HEART,  BLOOD-VESSELS,  AND  LYMPHATIC  VESSELS. 

The  Heart, 105  Arteries, 110 

Interior  of  the  Heart,  - - 108  Aorta, 110 


CONTENTS. 


Vll 


Page 


Carotid  Arteries,  - - - 111 

Subclavian  Arteries,  - - 112 

Circle  of  Willis,  - - - 117 

Arteries  of  the  Upper  Limb,  - 119 

Abdominal  Aorta,  - - - 123 

Arteries  of  the  Lower  Limb,  - 127 

Popliteal  Space,  - - - 129 

Pulmonary  Artery,  - - - 132 

Veins,-  _ - - . - 132 

Veins  of  the  Head  and  Neck,  - 132 
Veins  of  the  Skull,  - - - 133 

Veins  of  the  Upper  Limb  - 135 


Page 

Veins  of  the  Lower  Limb,  - 137 

• Veins  of  the  Trunk,  - - 138 

Portal  System,  - - - 140 

Pulmonary  Veins,  - - - 142 

Lymphatics,  - - - - 142 

Lymphatics  of  the  Head  and 
Neck,  - - - - - 142 

Lymphatics  of  the  Upper  Limb,  143 
Lymphatics  of  the  Lower  Limb,  144 
Lymphatics  of  the  Trunk,  - 145 
Lymphatics  of  the  Lungs,  - 146 
Thoracic  Duct,  - - - 146 


NEUROLOGY. 


THE  CENTRAL  NERVOUS  SYSTEM  AND  THE  NERVES. 


Central  Nervous  System,  - - 148 

Spinal  Cord,  - - - - 148 

Structure,  . - - - 149 

Origin  of  Spinal  Nerves,  - 151 

Brain, 152 

Medulla  Oblongata,  - - 152 

Pons  and  Crura  Cerebri,  - 153 
Cerebrum,  - - - - 154 

Lobes  and  Convolutions,  - 155 
Base  of  Brain,  - - - 156 

Interior  of  Brain,  - - 157 

Cerebellum,  - - - - 159 

Membranes  of  the  Brain,  - 160 
Blood-vessels  of  the  Brain,  - 161 

Weight  of  the  Brain,  - - 161 

Cranial  Nerves,  - - - - 162 

First  Pair — Olfactory,  - - 162 

Second  Paii* — Optic,  - - 162 

Third  Pair — Motor  of  Eyeballs,  163 
Fourth  Pair — Pathetic,  - - 163 

Fifth  Pair — Trigeminal,  - - 163 

Sixth  Pair — Abducent,  - - 165 


Seventh  Pair — Facial  - - 165 

Eighth  Pair— Auditory,  - - 167 

Ninth  Pair — Glosso-pharyngeal,167 
Tenth  Pair — Vagus,  - - 167 

Eleventh  Pair— Spinal  Accessory,  169 
Twelfth  Pair — Hypoglossal,  - 170 
Spinal  Nerves,  . - - - 171 

Cervical  Nerves,  - - - 171 

Cervical  Plexus,  - - - 171 

Brachial  Plexus,  - - - 172 

Dorsal  Nerves,  - - - 177 

Lumbar  Nerves,  - - - 177 

Lumbar  Plexus,  - - - 177 

Sacral  Nerves,-  - - - 179 

Sacral  Plexus,  - - - 179 

Sympathetic  Nerves,  - - - 182 

Organs  of  Sense,  - - - 183 

Organ  of  Touch,  - - - 183 

Organ  of  Taste,  - - - 188 

Organ  of  Smell,  ...  191 
Organ  of  Vision,  - - - 192 

Organ  of  Hearing,  - - - 198 


SPLANCHNOLOGY. 


THE  VISCERA  OF  THE  BODY, 


The  Organs  of  Respiration  and 


Voice,  - 

- 

- 

- 205 

The  Larynx,  - 

- 

- 

- 205 

The  Trachea,  - 

- 

- 

- 210 

The  Bronchi,  - 

- 

- 

- 210 

Thyroid  Body, 

The  Lungs,  . . . 

Thymus  Body, 

Abdomen,  - - - - 

Regions  of  the  Abdomen, 


- 210 
- 211 

- 215 

- 215 

- 216 


CONTENTS. 


Vlll 


Page 

Peritoneum,  - - - - 217 

Alimentary  Canal,  - - - 220 

Mouth,  - . . . 220 

Teeth, 221 

Salivary  Glands,  - - - 224 

Pharynx,  . . - - 225 

Gullet,  - - - - - 226 

Stomach,  . . - - 227 

Small  Intestine,  - - - 230 

Large  Intestine,  - - - 234 

Liver,  -----  236 
Gall  Bladder,  - - - 239 

Pancreas,  - - - - 239 

Spleen,  - - . - 240 

Kidneys,  - - - - 241 

Ureter,  - - • - 245 


Glossary, 

Description  of  Plates,  - 
Index, 


Page 


Pelvic  Cavity,  - - - - 246 

Male  Urinary  Bladder,  - - 246 

Prostate  Gland,  - - - 248 

Seminal  Vesicles,  - - - 249 

Male  Generative  Organs,-  - 249 

Penis, 249 

Testicles,  - - - - 250 

Urethra,  - - - - 252 

Pelvic  Organs  in  the  Female,  - 254 

Bladder, 254 

Vagina,  -----  255 

Uterus, 255 

Fallopian  Tubes,  - - - 258 

Ovaries,  -----  259 

Ovum, 260 

External  Organs  in  the  Female,  - 260 
Mammary  Gland,  . - - 262 


- 265 

- 277 

- 279 


ELEMEJ^TARY  ANATOMY. 


Anatomy  is  the  knowledge  of  the  structure  of  organized 
bodies,  and  in  its  literal  sense  the  term  includes  the  study  of 
the  structure  both  of  plants  and  animals.  It  has,  however,  in 
general  usage,  come  to  be  applied  es})ecially  to  the  knowledge 
of  the  construction  of  the  bodies  of  men  and  animals,  olAained 
by  dissection.  In  the  following  pages  we  shall  limit  our  view 
to  the  anatomy  of  the  human  subject,  excepting  where  a more 
striking  illustration  of  a fact  descril)ed  can  be  obtained  in 
another  animal  than  man. 

Human  Ariatomy,  or  Aidhropotomy,  is  most  conveniently 
divided  into  the  following  sections: — 


Histology, 

Osteology, 

Arthrology, 

Myology, 

Angeiology, 

Neurology, 

Splanchnology, . . . 


The  description  of  t 

» 5J 
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tissues. 

bones. 

joints. 

muscles. 

vessels. 

nervous  system, 
internal  organs. 


HISTOLOGY. 

THE  DESCRIPTION  OF  THE  TISSUES. 

Histology  is  the  description  of  the  elementary  tissues  of 
the  ])ody.  Some  of  these  are  distributed  throughout  the 
body,  and  are  found  in  every  tissue  and  in  every  organ ; others 
are  limited  to  particular  organs.  Some  are  simple  in  their 
constitution,  others  are  complex.  The  tissues  which  will  be 
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described  in  this  section  of  the  work  are  the  following: — Cells, 
blood  and  lymph  corpuscles,  epithelium,  areolar  tissue,  fibrous 
tissue,  fat,  cartilage,  bone,  muscle,  nerve,  blood-vessels,  lym- 
phatic vessels  and  glands,  serous  and  synovial  membranes, 

mucous  membrane,  secreting  glands. 

Cells  and  Protoplasm.— In  its  early 
condition  the  body  consists  entirely  of  min- 
ute solid  particles  called  celU.  Some  of 
these  retain  the  same  form  throughout  their 
whole  life,  but  the  larger  number  undergo 
changes  which  result  in  the  production  of 
the  various  tissues  found  throughout  the 
bo( 

character  is  evidenced  by  the  persistence  of 
small  remains  of  the  cells,  called  nuclei^  in 
the  fully-formed  tissues. 

A cell  consists  of  a substance  which  has  been  named  Proto- 
plasm, in  which  there  is  embedded  a round  spot,  the  nucleus. 
Within  the  latter  there  may  often  be  seen  a smaller  spot,  the 
nucleolus.  Protoplasm  is  a translucent  substance,  having  much 

the  consistence  of 
wh  ite  - currant  j elly ; 
it  has  the  power  of 
appropriating  nutri- 
ent material,  of  divid- 
ing and  subdividing 
so  as  to  form  new 
masses  like  unto  it- 
self, and  when  not 
formed  into  a tissue, 
it  has  the  power  of 
changing  its  shape 
and  of  moving  from  place  to  place  by  means  of  delicate  pro- 
cesses it  puts  out.  Every  tissue  of  the  human  body  is  formed 
through  the  agency  of  protoplasm,  although  in  most  cases  the 
transformation  the  latter  undergoes  is  so  great  that  little  evi- 
dence remains  of  its  existence. 


W:y 

d 

itSm 


Fig.  2.— Various  forms  of  Cells. 

a.  Columnar  cells  found  lining  various  parts  of  the  bowel  (called 
columnar  epithelinm)  •,  b,  cells  of  a fusiform  or  spindle  shape 
found  in  the  loose  tissue  under  the  skin  and  in  other  parts 
(called  connective  tismie  cells) ; c,  cell  having  many  processes 
or  projections — such  are  found  in  connective  tissue — may 
contain  pigment;  d,  iirimitive  cells  composed  of  protoplasm 
with  nucleus,  and  having  no  cell-wall.  All  are  represented 
about  400  times  their  real  size.  [Robertson.] 


ly.  In  the  latter  case  the  original  cellular 


Fig.  1. — Diagrammatic 
Representation  of  Ovum. 

a.  Zona  pellucida,  or  limit- 
ing membrane ; h,  nu- 
cleus with  nucleoli ; c, 
protoplasm  of  cell  with 
numerous  granules  and 
fatty  globules.  [From 
Klein.] 
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Cells  may  be  defined  as  nucleated  masses  of  protoplasm.  Vege- 
table cells  have  generally  a bounding  membrane,  or  cell-iuall, 
but  those  of  animal  tissue  are  seldom  so  distinguished.  Cells 
when  free  are  usually  round  or  oval,  but  when  packed  together 
become  fusiform,  hexagonal,  or  scale-like;  in  certain  tissues 


Fig.  A Drop  of  Blood,  seen  under  a Microscope  magnified  by  350  diameters.  I Robertson.) 

a,  Red  corpuscle,  seen  on  its  edge ; b,  red  corpuscle,  seen  on  the  flat ; 

c,  white  corpuscle. 


they  are  branched,  and  the  branches  of  neighbouring  cells  join 
together. 

Blood. — Blood  is  rather  a thick  fluid,  of  a bright  red  or 
scarlet  colour  in  the  arteries,  and  of  a purjile  tint  in  the  veins. 
It  has  a salt  taste,  an  alkaline  reaction,  and  a peculiar  faint 
odour. 

It  consists  of  a transparent  fluid,  the  liqmr  sanguinis,  and 
of  solid  bodies,  the  corpuscles,  floating  in  the  fluid.  V hen 
drawn  from  the  body  it  speedily  solidifies  or  coagnlates  into  a 
jelly-like  substance,  called  a clot,  Avhich  contracts  and  sipieezes 
out  a little  straw-coloured  fluid,  the  serum.  In  the  process  of 
clotting  a substance  called  tihrin  is  formed.  The  relation 
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between  the  constituents  of  fluid  blood  and  coagulated  blood 
is  shown  in  the  following  table : — 


Liquid  blood 


I 


Corpuscles 


Liq.  sanguinis 


. . 1 

Fibrin  / 


Clot 


Coagulated 

blood. 


^ Serum 


.r 


The  blood  corpuscles  are  of  two  kinds,  red  and  white,  the 
proportion  of  the  two  being  on  an  average  1 white  to  500  red. 
A cubic  millimetre  of  healthy  blood  contains  5,000,000  red 
corpuscles  and  10,000  white  corpuscles. 

The  red  corpuscles  are  circular  biconcave  discs,  measuring 

al)out  width  and 

thickness,  and  l)eing  devoid  of  a nucleus. 

The  white  corpuscles  are  larger  than  the  red  ones,  and 

measure  about 
inch.  When  at  rest  they 
are  spherical,  and  have  a 
granular  appearance,  but 
they  have  the  povmr  of 
changing  their  shape,  and 
of  moving  from  place  to 
place  by  putting  out  pro- 
cesses of  their  substance. 

They  are  transparent  masses  of  protoplasm,  each  with  one 
or  more  nuclei,  and  have  no  cell-wall. 

Other  smaller  corpuscles  have  in  recent  years  been  described; 


/.V 


mw*- 


i 


u 


it 
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Fig.  4.— White  Blood  Corpuscle.  Its  successive 
changes  of  shape.  [Klein.] 


they  are  called  hcemcitoblctsts  or  hlood-^latelets,  but  little  is  known 
of  their  nature  or  uses. 

The  liquor  sanguinis  or  fluid  of  the  blood  is  composed  of 
the  serum  and  of  two  factors  which  by  their  union  form  fibrin. 

Serum  consists  of  the  salts  of  the  blood,  fatty  matter,  jil- 
bumen,  water,  gases,  and  sugar. 

The  gases  of  the  blood  are  the  following : — Oxygen,  for  the 
most  part  carried  by  the  red  corpuscles;  carbonic  acid,  in  com- 
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bination  with  the  salts  ofjh^  sernin ; nitroge^  suspended  in 
the  liquor  sanguinis. 

Lymph  and  Chyle. — Lymph  is  the  fluid  contained  in  a 
system  of  vessels  distinct  fromlhe  blood-vessels,  and  called 
lymphatics  or  absorbents.  Lymph  consists  of  a clear  fluid, 
the  lymph-plasma,  with  solid  particles,  the  lymph-corpuscles, 
floating  in  it.  The  plasma  is  like  the  liquor  sanguinis  of  the 
blood,  but  contains  less  albumen  and  salts.  The  corpuscles 
are  Tndistitiguishable  from  the  white  corpuscles  of  the  blood. 

Chyle  is  the  fluid^contained  in  thejynq^itics  of  the_intes- 
tines  during  di^stion.  It  is  milky  in  appearance,  owing  to 
suspended  fatty  matters,  the  products  of  digestion,  and  it 

contains  corpuscles  identical 
with  those  of  lymph. 


Fig.  .5.— Flattened  Scale-like  Cells  of  squa- 
mou8  epithelium  from  the  lining  mem- 
brane of  the  human  mouth.  [Klein.] 


Fig.  6.— Stratified  Squamous  Epithe- 
lium. [Klein.] 


Both  lymph  and  chyle  resemlile  blood  in  spontaneously 
coagulating  when  removed  from  the  body. 

Epithelium. — This  is  one  of  the  very  few  tissues  which 
retain  the  cellular  character  throughout  the  whole  of  life. 
Epithelium  is  chiefly  used  for  the  purpose  of  protection ; thus 
it  forms  the  superficial  layers  of  the  skin,  covers  nmcous 
membrane  of  the  Tntestinal,  genito  - urinary,  and  respiratory 
tracts,  and  lines  ^e  ducts  of  glands.  A single  layer  of  similar 
cells  forms  the  serous  membranes  lining  the  cavities  of  the 
abdomen,  thorax,  cranium,  and  spinal  canal,  and  paves  the  inte- 
rior of  the  heart,  blood-vessels,  and  lymphatics;  such  cells  are 
often  nowadays  described  under  a separate  title  as  endothelium. 

Epithelium  may  occur  in  a single  layer  of  cells  or  in  many 
layers,  hence  for  convenience  of  description  all  epithelia  are 
divided  into  simple  non-stratified  and  stratified. 
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The  viUT^ies  of  epithelium  are  the  following 


1.  Squamous. 

2.  Columnar. 

3.  Glandular. 


4.  Transitional. 


D. 


Ciliated 


Fig.  7.—b,  Spheroidal  Cell  from  Salivary 
(Hand,  with  n,  Squamous  Cells  from  the 
mouth,  [lloliertson.] 


Squamous  epithelium  (tesselated  epithelium)  consists  of  flat- 
tened scales,  which  are  very  thin  in  proportion  to  their  size; 

they  may  have  a small  nucleus 
in  the  centre,  but  often  are 
quite  devoid  of  one.  When 
the  nucleus  has  disappeared 
they  become  mere  horny  plates, 
which  are  easily  detached. 
Such  cells  are  found  forming 
the  surface  layer  of  the  skin, 
the  lining  of  the  mouth  and 
lower  part  of  the  nostrils,  the 
surface  of  the  corne^  of  the 

Columnar  epithelium  consists  of  pear-shaped  or  elongated 
cells,  having  their  broad  ends  directed  to  the  free  surface  of 
the  membrane  on  which  they  are  placed.  They  may  form  the 
superficial  layer  of  stratified  cells,  but  more  frequently  exist 

as  a single  layer  of  cells 
on  the  surface  of  a mucous 
inembrane;  in  this  form 
they  are  found  lining  the 
stomach  and  intestiiies. 

Spheroidal  or  glandular 
epithelium  is  composed  of 
round  cells,  or  of  such  as 
(having  been  round)  have 
become  angular  by  mutual  pressure.  It  forms  the  lining  of 
glands,  such  as  the  liver,  pancreas,  intestinal  glands,  glands  of 
the  skin. 

Transitional  epithelium  is  the  early  form  of  the  several 
varieties  of  epithelium;  it  generally  consists  of  small  granular 
round  cells. 


Fig.  8.— Columnar  Epithelial  Cells  from  the  small 
bowel.  [Schafer.  ] 
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Ciliated  epithelium  is  distinguished  hy  the  presence  of  very 
minute  hair-like  processes  or  cilia,  which  grow  out  from  the 
free  end  of  the  cell,  and  are  in  perpetual  motion  as  long  as  the 
cell  is  alive.  This  motion  is  always  in  the  same  direction,  and 
serves  to  carry  away  secretions  and  even  foreign  particles  in 
contact  with  the  mend3rane  on  which  the  cells 
are  placed,  to  the  outlet  where  they  may 
he  discharged.  Ciliated  epithelium  is  espe- 
cially plentiful  in  the  air  passages,  where 
it  is  of  use  in  keeping  a free  passage  for 
the  entrance  and  exit  of  air;  it  is  also  Fi.?. 9—ceiis of cniated 

Epithelium. 

found  in  the  uterus  (womb),  the  ducts  of 

certain  glands,  the  tes ticks,  Fallo])ian  tubes,  and  the  cavity  of 

the  middle  ear. 


Connective  Tissue. — This  is  the  material  which  serves  to 
unite  and  bind  together  the  different  organs  and  tissues.  It 
consists  of  f^res  and  cells,  the  former  largely  preponderating, 
varying  greatly  in  arrangement  and  in 
the  proportion  of  different  kinds  of  fibres 
in  different  organs  and  tissues. 

Three  varieties  are  usually  described : — • 

Areolar.  Fibrous.  Elastic. 

Areolar  tissue  consists  of  delicate 
fibres  crossing  each  other  and  inextric- 
ably intermixed,  so  as  to  form  irregular 
meshes  or  areolce:  these  are  occupied  by 
a small  quantity  of  fluid,  sufficient  to 
keep  the  fibres  moist.  In  the  midst  of 
the  fibres  are  branched  proto])lasniic 
cells,  the  connective  tissne  corpuscles.  The 
fibres  are  of  two  kinds,  white  or  inelastic 
and  yellow  or  elastic,  the  former  being  greatly  in  excess  in  most 
cases.  Areolar  tissue  is  found  beneath  the  skin,  beneath 
serous  and  mucous  membranes,  between  and  around  muscles, 
supporting  the  essential  tissues  of  organs  and  glands,  around 
nerves  and  blood-vessels. 


Fig.  10. — Areolar  and  Adipose 
Tissue. 

a,  a,  Fat  vesicles ; h,  b,  fibres  of 
areolar  tissue.  [Wilson.] 
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Adipose  tissue  is  an  important  variety  of  areolar  tissue;  in 
it  the  areolje  or  interspaces  are  occupied  by  little  vesicles 
containing  oil.  Adipose  tissue  (commonly  known  as  fat)  is 
especially  plentiful  beneath  the  skin,  in  the  abdominal  cavity, 
on  the  surface  of  the  heart,  round  the  kidneys,  and  in  the 
marrow  of  bones. 

Fibrous  tissue. — This  tissue  is  formed  of  the  white  fibres 
spoken  of  above  as  constituting  the  major  part  of  areolar  tissue. 
When  these  fibres  are  acted  on  by  acetic  acid,  they  swell  ujo  and 
become  transparent.  Be- 
tween the  fibres  proto- 
plasmic masses  (the  con- 
nective tissue  corpuscles) 
are  found.  The  fibres  may 
be  so  woven  as  to  form 
a sheet,  as  in  the  perios- 
teum of  bone,  the  fasciae 
around  muscles,  and  the 
capsules  of  organs;  or 
they  may  be  aggregated 
into  bundles  and  form  rope-like  bands,  as  in  the  ligaments  of 
joints  and  the  tendons  of  muscles.  In  the  latter  form  the  fibres 
are  almost  exclusively  of  the  white  variety,  but  in  the  former 
there  is  a slight  admixture  of  yellow  elastic  fibres. 

Yellow  fibrous  or  elastic  tissue  is  found  mixed  with  white 
fibres  in  areolar  tissue,  in  fasciae,  ligaments,  the  skin,  and  the 
coats  of  blood-vessels.  It  is  found  almost  pure  in  the  ligaments 
which  join  the  laminae  of  the  vertebrae  together,  in  the  true 
vocal  cords,  and  in  certain  ligaments  of  the  voice-box  (larynx). 
The  fibres  are  larger  than  those  of  white  fibrous  tissue,  they 
are  of  a faint  yellow  tinge,  their  ends  curl  up  when  the  fibres 
are  cut,  and  they  are  unaffected  by  acetic  acid. 

Cartilag’e. — Cartilage  or  gristle  is  a tough  but  highly- 
elastic  substance,  having  a bluish-white  opalescent  appearance, 
and  ])eing  so  soft  as  to  be  easily  cut  with  a knife.  It  consists 
of  a matrix  or  ground  substance  in  which  nucleated  cells  are 
imbedded,  either  singly  or  in  groups.  The  matrix  has  not 
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Fig.  11.— Fibres  of  (1)  White  Fibrous, 

and  (2)  Yellow  Elastic  Tissue. 
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ahvays  the  same  characters;  sometimes  it  has  a fine  ground- 
glass  appearance,  when  the  cartilage  is  spoken  of  as  a hyuliiie 
cartilage]  in  other  instances  the  matrix  is  pervaded  or  replaced 
by  white  fibrous  tissue,  constituting  a white  Jibro-cartilage;  or, 
asain,  there  is  between  the  cells  a mesh-work  of  yellow  elastic 
fibres,  and  this  form  is  called  reticular  or  yellow  fibro-cartilage. 
In  hyaline  cartilage  the  cells  occupy  spaces  in  the  matrix,  and 
are  surrounded  by  a capsule;  one  cell  may  occupy  a space,  or 
there  may  be  two,  three,  four,  or  more;  in  the  latter  case  they 
I become  modified  in  shape  by  mutual  pressure,  and  bear  evi- 
dences of  having  been  formed  from  a single  cell.  This  kind  of 
cartilage  forms  the  early  state  of  the 
great  majority  of  the  bones  (temporary 
cartilage)^  but  it  is  also  found  as  a 
permanent  tissue,  coating  the  articular 
ends  of  long  1)ones  (articular  cartilage) 
and  forming  the  cartilages  which  con- 
nect  the  ends  of  the  ribs  with  the 

breast-bone  (costal  cartilages).  White  Fig.  i2.-iiyaiine  cartilage, as 

' ./  / seen  magiuneu. 

fibro-cartilage  is  found  forming  the 

discs  between  the  bodies  of  the  vertebrae,  as  pads  in  the  inte- 
rior of  the  knee,  wrist,  and  some  other  joints  (inter-articular 
fibro-cartila.ges),  deepening  the  cavities  of  ball-and-socket  joints, 
and  forming  grooves  for  tendons  to  play  in.  Yellow  Jibro-carti- 
lage forms  the  expanded  part  of  the  ear,  the  lid  of  the  air-tube 
(the  epiglottis)  and  certain  other  parts  of  the  voice-box,  and 
the  Eustachian  tube  connecting  the  middle  ear  and  the  throat. 

Bone. — Bone  is  composed  of  earthy  matter  (chiefiy  in  the 
form  of  lime  salts)  and  of  animal  matter,  in  the  proportion  of 
about  two-thirds  of  the  former  to  one-third  of  the  latter.  The 
earthy  matter  may  be  entirely  removed  by  prolonged  steeping 
in  dilute  hydrochloric  acid  (1  to  5 of  water),  when  the  bone 
will  become  soft  and  flexible,  but  will  still  retain  its  former 
shape.  In  like  manner  the  animal  matter  may  be  taken  out 
by  burning  the  bone,  until  only  the  mineral  matter  remains, 
when  (as  before)  no  change  will  be  made  in  the  shape,  but  the 
bone  will  become  white  and  ash-like,  and  will  crumble  easily 
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in  the  fingers.  The  composition  of  bone  is  shown  in  the 


following  table: — 
Animal  matter 


Earthy  matter 


Gelatin,  fat,  and  blood-vessels,  33 '6 
Phosphate  of  lime,  51 ’04 

Carbonate  of  lime,  12 ’80 

Fluoride  of  lime,  1‘50 

Phosphate  of  magnesia,  POO 

Chloride  of  soda,  &c.,  0‘06 

66-4 


100;0 

In  children  the  animal  matter  is  in  larger  proportion,  and 
hence  the  bones  often  bend  instead  of  breaking.  In  old  age, 
on  the  other  hand,  they  are  more  brittle  because  there  is  a 
reduction  in  the  proportion  of  animal  matter. 

Structure  of  Bone. — If  a long  bone  be  sawn  down  the  centre, 
it  will  be  found  that  the  shaft  is  a hollow  cylinder  formed  of 
veiy  dense,  hard  bone, 
mid  having  in  the  inte- 
rior a cavity,  the  medul- 
larij  canal,  filled  with 
soft,  yellow  fat,  the  me- 
dulla or  marrow.  At  the 
ends,  where  the  bone 
expands,  there  is  no 
medullary  cavity,  and  the  bony  tissue  is  sj^ongy,  with  only 
a very  thin  layer  of  dense  bone  on  the  outside.  The  spongy 
bone  is  formed  by  a beautiful  spider-v^eb-like  lattice-work  of 
bony  threads,  the  meshes  of  which  are  filled  with  red  marrow. 
The  spaces  oi*  meshes  are  called  cancelli,  and  bone  of  this  kind 
is  described  as  cancellous  tissue.  The  exterior  of  the  bone  is  in 
the  fresh  state  covered  by  a membrane  called  the  periosteum, 
which  consists  of  fibrous  tissue,  supporting  a large  number  of 
blood-vessels  and  some  nerves  passing  to  the  bone.  On  the 
surface  next  the  bone  there  are  (if  the  bone  be  young)  a great 
number  of  protoj^lasmic  masses  (cells),  through  the  agency  of 
which  the  bone  grows.  On  the  wall  of  the  medullary  canal, 
similar  cells  and  blood-vessels  are  found,  but  there  is,  as  a 


Fig.  13.— Showing  dense  bone  outside,  spongy 
bone  within. 
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rule,  no  true  membrane  formed  (the  endosteum  of  former 
writers).  Everywhere  over  tlie  surface  of  the  bone  there  are 
small  pores  leading  into  the  substance,  l)ut  these  are  more 
numerous  near  the  ends  of  the  bones.  One  of  them  is  especially 
large  and  constant  in  each  bone;  it  is  called  the  mdrient  foramen, 
and  transmits  the  nutrient  artery.  In  a microscopic  section  of 
the  bone  (either  longitudinal  or  transverse)  it  is  found  that 
these  pores  communicate  with  minute  canals  which  traverse 
the  bone,  and  are  called  the  Haversian  canals.  A transverse 


Fig.  14.— Microscopical  appearance,  A,  of  longitudinal  section  of  bone,  and  B,  of  transverse 
section.  C,  A l)one  cell,  highly  magnified,  lying  in  lacuna. 

section,  such  as  that  given  in  fig.  14,  P>,  shows  that  each 
canal  is  surrounded  by  concentric  rings  of  bone  substance,  the 
Haversian  lamince  {c),  and  that  these  have  in  them  irregulai* 
black  bodies,  communicating  with  each  other  by  fine  irregular 
lines.  The  black  bodies  are  really  little  cavities,  lacunce 
(little  lakes)  (a,  /),  and  the  lines  passing  from  one  to  the 
other  are  fine  canals,  canaliculi.  The  Haversian  canals  carry 
the  blood-vessels  throughout  the  bone,  but  also  contain  proto- 
plasmic cells,  nerve-fibres,  and  lymphatic  vessels.  The  lacume 
are  occupied  by  protoplasmic  masses,  called  hone  cells,  fig.  14,  c, 
and  fine  filamentous  continuations  of  these  pass  into  - the 
canaliculi.  These  arrangements  are  all  designed  for  the  supply 
of  nutrient  material  to  the  bone,  and  for  the  carrying  on  of  the 
physiological  activity  of  the  tissue. 
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With  few  exceptions,  all  bones  are  originally  laid  down 
in  cartilage,  which  subsequently  gets  converted  into  bone. 
In  the  case  of  the  long  bones,  the  extremities  are  developed 
from  separate  bony  growths  from  those  forming  the  shafts 
of  the  bones,  and  remain  separate  from  the  shaft  till  the 
growth  of  the  bone  is  completed.  These  centres  of  ossifi- 
cation are  called  epiphyses.  They  are  necessary  in  order  to 
allow  of  growth  taking  place  without  any  interference  with 
the  integrity  of  the  joints.  In  children  an  accident  may  cause 
the  separation  of  one  of  these  epiphyses,  and  this  may  (if 


Fig.  15. — Centres 
of  Ossification  of 
the  Thigh-bone. 

A,  The  bone  of  the 
foetus;  n,  at  the 
time  of  birth ; c, 
at  about  a year 
old  ; D,  at  the  5th 
year;  k,  at  15 
years.  1,  Centre 
for  the  shaft;  '2, 
for  the  lower  ex- 
tremity; 3,  for 
the  head  ; 4,  for 
the  great  tro- 
chanter; 5,  for  the 
lesser  trochanter. 


unrecognized)  seriously  impair  the  growth  of  the  bone.  Bones 
grow  in  length  by  new  bone  l)eing  formed  at  the  end  of  the 
shaft  next  the  epiphysis,  and  in  thickness  by  new  bone  being 
formed  beneath  the  periosteum. 

The  flat  bones  of  the  skull  have  certain  peculiarities.  They 
are  formed  of  an  outer  and  an  inner  “table”  of  dense  bone, 
with  loose  spongy  bone,  called  diploe,  between,  traversed  by  a 
large  number  of  veins  which  freely  intercommunicate.  The 
dense  layers  have  no  Haversian  canals. 

Muscle. — Muscles  are  the  organs  by  which  locomotion  is 
effected;  they  form  the  mass  of  the  flesh  of  the  body,  and  it 
is  found  that  in  a person  weighing  150  lbs.  the  muscles  repre- 
sent about  62  lbs.,  or  more  than  two-fifths  of  the  whole. 

The  muscles  are  most  numerous  and  largest  in  the  limbs, 
and  so  completely  surround  the  bones  as,  in  most  cases,  to 
conceal  the  greater  ])ortion  of  them.  In  the  trunk  some  of 


THE  DESCRIPTION  OE  THE  TISSUES, 


21 


Fig.  16.— A Striped  Muscular  Filire  with 
its  Sheath. 


them  are  spread  out  to  enclose  cavities ; in  this  way  they  form 
the  abdominal  wall,  contribute  to  the  formation  of  the  wall  of 
the  chest,  arid  serve  to  separate  the  cavities  of  the  chest  and 
abdomen  (diaphragm). 

Structure  of  Muscle. — Most  of  the  muscles  of  the  body 
are  of  a deep  red  colour,  but 
in  the  walls  of  the  intestines, 
bladder,  blood-vessels,  and 
many  other  places,  pale  mus- 
cular fibres  are  alone  found. 

Thus  we  can  divide  all  muscles 
into  red  and  ichite.  But  there  are  other  ditferences  besides  colour 
between  these  two  forms,  for  the  red  are  under  the  control  of 
the  will,  and  hence  are  called  voluufarij  muscles,  while  the  white 
are  distinguished  as  involuiitary  muscles.  Further,  the  former 
differ  from  the  latter  in  certain  particulars  of  structure  which 
lead  us  to  speak  of  the  voluntary  as  striated  muscle,  and  the 
involuntary  as  non-striated 


muscle. 

Structure  of  Voluntary 
Muscle. — Every  muscle  is 
made  up  of  an  aggrega- 
tion of  fibres  gathered  into 
prismoid  bundles,  the  fas- 
ciculi. Each  fibre  is  con- 
tained in  a delicate,  trans- 
parent sheath,  the  sarco- 
lemma,  which  is  so  fine  that 
it  is  only  made  visible  when 
the  fibre  is  ruptured,  as 
shown  in  fig.  16.  The  fibre 
may  split  up  longitudinally 
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Fig.  17.— Muscular  Fibre,  a showing  nuclei,  and  b 
the  dark  lines  in  the  light  band. 


into  finer  fibres,  the  fibrillce,  and  transversely  into  discs.  When 
examined  under  a high  microscopic  power  each  fibre  is  seen 
to  be  marked  by  alternate  light  and  dark  stripes,  and  these 
markings  form  the  characteristic  feature  of  voluntary  muscle, 
by  which  it  may,  under  all  circumstances,  be  recognized.  Across 
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the  light  stripe  a very  faint  secondary  dark  stripe  may  be  made 
out  (fig.  17).  Various  explanations  of  the  cause  of  the  trans- 
verse striation  have  from  time  to  time  been  propounded,  but 
none  has  hitherto  met  with  general  acceptance.  Beneath  the 
sarcolemma,  on  the  surface  of  the  muscular  fibre,  numerous 
fine  nuclei  are  found,  the  remains  of  the  protoplasm  from 
which  the  fibre  was  formed  (fig.  1 7 a). 

Structure  of  Involuntary  Muscle. — Non-striated,  plain,  or 
involuntary  muscular  fibres  consist  of  elongated,  fusiform 
cells,  pointed  at  each  end,  and  having  in  the  centre 
a rod-shaped  nucleus.  They  are 
united  by  an  adhesive  substance 
into  fasciculi,  Avhich  are  generally 
flattened,  pale  in  colour,  and  never 
of  any  great  thickness.  Unstriped 
muscle  takes  part  in  the  forma- 
tion of  the  wall  of  the  alimentary 
canal,  from  the  middle  of  the  gullet 
to  the  anus.  It  is  found  in  the 
excretory  ducts  of  various  glands, 
the  walls  of  the  arteries,  veins, 
and  lymphatic  vessels,  the  wind- 
pipe and  bronchial  tubes,  the  gall 
l)ladder  and  common  bile  duct, 
the  spleen,  testicle,  womb,  urin- 
ary bladder,  ureters,  the  eye,  and 
skin. 

The  muscular  fibre  of  the  heart  is  peculiar.  Although  in- 
voluntary in  its  action  it  is  transversely  striated,  and  is  there- 
fore a solitary  example  of  striated  involuntary  muscle.  The  fibres 
liave  no  sarcolemma;  they  branch  and  communicate  with  each 
other,  and  are  formed  of  quadrate  cells  with  a large  oval 
nucleus  in  the  centre  of  each. 


Fig.  18.  — A 
Spindle  Cell 
of  Involun- 
tary Muscle, 
highly  mag- 
nified. 


Fig.  19.— Involuntary 
Striated  Muscle  of  Heart. 


Nervous  Tissue.  — The  nervous  system  consists  of  the 
nerve  centres  and  of  fine  cords  or  nerves,  by  means  of  which 
the  centres  are  connected  with  each  other,  and  with  the  various 
organs  and  tissues  of  the  body.  The  nerve  tissues  are  dis- 
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tinguishable  as  nerve-fibres  and  nerve-cells.  The  former  are 
the  elements  found  chiefly  in  the  nerves,  and  the  latter  in  the 
centres. 

Nerve-fibres. — These  are  minute  cords,  having  a transpa- 
rent appearance  during  life,  but  becoming  opa(|ue  after  death. 
When  stained  with  colouring  agents  each  fibre  is  found  to 
consist  of  a central  rod,  the  axis-cylinder,  surrounded  by  a 
white  fatty  substance,  the  white  matter  of  Schwann  or  medul- 
lary sheath,  and  enclosed  in  a delicate 
sheath,  the  neurilemma.  From  the 
axis-cylinder  being  thus  separated  from 
the  neurilemma  by  the  medullary 
sheath,  the  cylinder  looks  like  a pith 
or  marrow,  and  hence  such  were  named 
medullated  or  white  nerve  - fibres. 

Here  and  there  along  the  course  of  the 
fibres  the  medullary  sheath  is  inter- 
rupted, but  the  axis -cylinder  is  con- 
tinued across  the  gap.  These  breaks 
are  known  as  the  nodes  of  Ranvier. 

Nuclei  are  found  at  wide  intervals  be- 
neath the  neurilemma.  In  the  nerve 

centres,  and  throughout  the  sympathetic  system  of  nerves,  there 
is  no  medullary  sheath  in  the  nerve-fibres,  the  axis-cylinder 
being  in  direct  contact  with  the  neurilemma — such  are  spoken 
of  as  gray  or  non-medullated  nerve-fibres. 

Nerve-cells. — These  vary  greatly  in  size  and  shape:  some 
measure  only  of  an  inch,  and  others  as  much  as  -o 

The  most  characteristic  feature  of  the  majority  of  them  is  that 
they  possess  processes  or  “poles”,  by  means  of  which  they 
become  connected  with  each  other  and  with  the  axis-cylinder 
of  nerves  entering  or  leaving  the  nerve  centre.  Some  have 
only  one  pole,  and  are  then  said  to  be  unipolar,  others  have  two 
or  three,  and  are  called  bi-  or  tri-polar,  and  those  that  have 
more  than  three  are  named  multipolar  cells.  The  protoplasm 
of  the  cells  is  often  granular,  and  of  a light-brown  or  grayish 
colour,  and  sometimes  contains  brown  pigment.  The  cells  of 


Fig.  20.— Nerve-fibres. 

a and  b,  Medullated  nerve-fibres: 
both  show  a node  of  Ranvier, 
but  b shows  also  a nucleus  be- 
neath the  neurilemma;  c and  d 
.give  the  appearance  of  nerves 
after  death ; e,  a non-medullated 
nerve-fibre. 
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the  surface  of  the  brain  are  triangular  or  pyramidal  in  shape, 
and  ahvays  have  the  base  of  the  pyramid  directed  towards  the 
centre  of  the  brain  (fig.  21  /).  Those  of  the  spinal  cord  are 
generally  large  and  multipolar  the  branches  given  off  from 

them  being  numerous 
and  complicated  (see 
fig.  21a  and  e). 

The  nerve  tissues 
of  the  brain  and 
spinal  cord  are  sup- 
ported by  a peculiar 
modification  of  con- 
nective tissue  called 
neuroglia. 

Aggregations  of 
nerve-cells  constitute 
nerve-centres. 

Ganglia  are  small 
various  parts  of  the 
body,  having  nerve-fibres  connected  with  them,  and  forming 
small  nerve  centres. 

A nerve  is  a rounded  or  flattened  cord  of  nerve-fibres,  form- 
ing the  means  of  communication  between  the  centres  and  the 
parts  of  the  body  connected  with  them.  The  nerve-fibres  are 
gathered  into  bundles  or  funiculi,  and  these  are  put  together 
to  form  nerves,  and  are  surrounded  by  a sheath  of  fibrous 
tissue,  the  nerve-sheath. 

A plexus  is  an  intricate  intercommunication  between  the 
bundles  of  a nerve. 

The  apparent  origin  of  a nerve  is  where  it  becomes  con- 
nected with  the  surface  of  a nerve  centre;  the  real  origin  is 
the  part  where  the  fibres  terminate  in  the  cells  of  the  gray 
matter. 


a aud  e from  the  spinal  marrow ; b and  d from  ganglia  on  pos- 
« terior  rotds  of  spinal  nerves;  c and  p from  the  lesser  brain 
(cerebellum);  / from  the  cortex  of  the  great  brain  (cerebrum). 


aggregations  of  nerve -cells  found  in 


Blood-vessels. — The  blood  is  distributed  throughout  the 
body  by  means  of  fine  tubes,  which,  starting  from  the  heart, 
pass  to  all  the  organs  and  tissues,  and  return  to  the  heart 
again;  thus  the  blood  constantly  returns  to  the  centre  from 
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which  it  set  out,  and  this  constitutes  the  circulation.  The 
vessels  performing  this  work  are  of  three  kinds:  the  arteries, 
carrying  the  blood  from  the  heart  to  the  tissues ; the  capillaries, 
which  convey  it  through  the  tissues ; and  the  veins,  cariydiig  it 
back  to  the  heart. 

Structure  of  Arteries.  --  Arteries  are  so  called  because, 
from  their  being  found  empty  after  death,  they  were  supposed 
by  the  ancients  to  carry  air  (a^)p  r-npclv,  to  contain  air).  'J  hey 
communicate  with  each  other,  such  com- 
munications being  called  inosculations  or 
anastomoses;  these  becoming  more  fre- 
quent as  the  vessels  decrease  in  size,  and 
are  consequently  more  liable  to  blocking 
or  interruption  by  pressure.  An  artery 
has  three  coats.  The  outer  {adventitia)  is 
strong  and  thick;  it  consists  of  fibrous 
tissue,  with  a slight  admixture  of  elastic 
fibres.  The  middle  coat  {media)  consists 
of  many  layers  of  unstriped  muscular 
tissue  with,  in  the  larger  arteries,  the 
addition  of  elastic  tissue  and  a small 
((uantity  of  white  fibrous  tissue.  The 
inner  coat  (intima)  is  the  thinnest  and 
most  brittle  of  the  three;  it  is  formed  of  an  inner  lining  of  a 
single  layer  of  flattened  cells,  and  outside  this  of  elastic  tissue. 

The  large  vessels  are  of  a yellowish  tinge,  in  consequence  of 
the  elastic  tissue  being  the  predominant  element.  The  small 
arteries  are  of  a deeper  and  redder  colour  because  the  muscular 
tissue  is  most  pronounced;  their  contractility  being  necessary  to 
regulate  the  supply  of  blood  going  to  any  part. 

Structure  of  Capillaries.  — These  are  very  fine  tubes 
running  through  the  several  tissues  and  organs.  Their  walls 
are  formed  of  fine  flattened  cells,  joined  edge  to  edge  by  a 
cement  substance,  which  becomes  stained  brown  when  pen- 
cilled with  a nitrate  of  silver  solution.  The  cells  are  nu- 
cleated, and  the  nuclei  frequently  cause  a l)ulging  of  the  wall 
at  the  points  where  they  are  situated.  Capillaries  vary  in  size, 


Fig,  22.— Structure  of  an 
Artery. 

a,  Inner  coat ; b,  middle  coat ; 
c,  outer  coat. 
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Fig.  23.— The  Structure  of  Capillaries. 

a.  Medium-sized  capillary ; b and  d,  small 
capillaries,  showing  nuclei  of  cells,  c. 


but  average  y diameter.  They  differ  greatly 

in  their  arrangement  in  the  different  tissues,  but  the  disposi- 
tion is  constant  for  each  tissue,  so  that  it  is  possible  from  the 

capillary  arrangement  alone  to 
distinguish  the  tissue  under  the 
microscope. 

Structure  of  Veins. — Veins 
have  the  same  three  coats  as 
arteries,  but  they  are  so  thin 
that  veins  collapse  when  cut, 
whereas  arteries  remain  open. 
Veins  are  much  more  numerous 
than  arteries,  and  a very  large 
number  are  placed  just  beneath 
the  skin,  whereas  arteries  arc 
for  the  most  part  placed  deeply. 
Veins  are  also  distinguished  by  the  possession  of  delicate  valves, 
which  are  so  arranged  as  to  prevent  the  blood  returning  from 
the  heart  towards  the  tissues,  but  allow  of  its  passing  freely 

towards  that  organ.  The  valves  are 
most  numerous  in  the  veins  of  the 
limbs,  and  especially  those  of  the  leg; 
there  are  no  valves  in  very  small  veins, 
or  in  those  of  the  brain,  liver,  kidney, 
and  womb;  and  they  are  also  absent 
from  very  large  veins,  as  the  vena 
cava,  innominate,  pulmonary,  and  iliac 
veins. 

Sinuses  are  venous  channels  exca- 
vated in  the  structure  of  an  organ,  and 
lined  by  the  inner  coat  of  the  veins. 
The  most  important  sinuses  are  those 
of  the  brain  and  of  the  uterus. 

Arteries  and  veins  receive  small  twigs  of  nerves  from  the 
sympathetic  system  {vaso-motor  nerves). 

Lymphatics. — Lymphatic  Vessels  form  a secondary  vas- 
cular system,  and  serve  to  carry  the  products  of  digestion  into 


Fig.  24.— A,  Part  of  a vein  laid  open, 
with  two  pairs  of  valves ; b,  Lon- 
gitudinal section  of  a vein  show- 
ing the  valves  closed.  [Wilson.] 
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the  blood,  and  also  to  return  to  that  fluid  materials  which, 
although  once  used,  are  capable  of  being  used  again,  and  do 
not  require  to  be  excreted.  Those  which  carry  the  products 
of  digestion  are  called  lacteals;  when  digestion  is  not  going 
I on  they  carry  clear  fluid  (lymph)  like  the  other  lymphatics; 
, and  there  is  no  structural  difference  between  them. 

The  lymphatic  system  consists  of  three  parts — vessels, 
capillaries,  and  glands. 

Lymphatic  Vessels  much  resemble  veins,  but  they  are 
I smaller,  are  colourless,  and  have  a larger  number  of  valves. 

Fig.  25.— The  Structure  of 
I a Lymphatic  Gland. 

! a,  Capsule;  b,  fibrous 

strands  passing  into 
gland ; c,  similar  strands 
in  centre;  d,  lymph  no- 
dules: e,  nodules  of  dif- 
ferent spaces  communi- 
cating; /,  lymph  vessels 
entering  gland;  g,  h, 
lymph  vessel  leaving 
gland. 

They  have  three  coats,  and  the  valves  are  formed  by  the  inner 
coat. 

Lymphatic  Capillaries  are  chiefly  remarkable  for  their 
irregularity,  and  for  their  extensive  distril)ution  throughout 
the  tissues  and  organs  of  the  body. 

Lymphatic  Glands  (called  also  Absorbent  Glands)  are  found 
in  largest  number  in  the  mesentery,  the  membrane  which  fixes 
the  intestines  to  the  posterior  wall  of  the  abdomen.  They  are 
distributed  throughout  the  neck,  arm-pit,  groin,  back  of  knee, 
thorax,  and  back  of  abdominal  cavity.  The  gland  is  inclosed 
in  a firm  capsule  formed  of  fibrous  tissue,  from  which  strands 
of  fibres  pass  into  the  centre  and  divide  it  into  irregular  spaces. 
Those  in  the  outer  part  (cortex)  are  of  considerable  size  and 
oval  in  shape,  while  those  in  the  centre  (medulla)  are  much 
smaller,  and  are  irregular.  The  spaces  are  occupied  by 
adenoid  tissue,  a variety  of  connective  tissue  formed  by  a net- 
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work  of  branched  cells,  the  meshes  of  which  are  packed  with 
round  cells  of  various  sizes.  The  adenoid  tissue  does  not 
completely  fill  the  spaces,  channels  being  left  between  the 
outer  surfaces  of  the  tissue-masses  and  the  walls  of  the  spaces, 
along  which  the  lymph  travels,  these  forming  the  lymph-path. 
On  the  outside  of  the  gland  numerous  small  lymphatic  vessels 
pierce  the  capsule  and  enter  the  cortex  (fig.  25,/,  /),  to  end  in 
the  lymph-path,  while  one  or  two  larger  vessels  leave  the 
medulla  (fig.  25,  g,  h),  the  former  carry  the  lymph  (or  chyle)  to 
the  gland,  and  the  latter  carry  it  away.  They  communicate 
freely  with  each  other  1)}^  means  of  the  lymph-path. 

Lymphatic  glands  are  plentifully  supplied  with  blood  by 
small  arteries,  and  with  sympathetic  twigs  of  nerves.  ” 

Serous  Membranes. — These  occur  as  thin  transparent 
membranes  lining  the  interior  of  the  cavities  containing  the 

viscera,  and  are  so  arranged  as  to  permit 
of  the  movement  of  the  viscera  with  a 
minimum  of  friction.  They  are  the  pleura, 
which  envelopes  the  lungs ; the  pericardium, 
which  surrounds  the  heart;  the  peritoneum, 
A\diich  invests  the  viscera  of  the  abdomen; 
the  arachnoid  in  the  spinal  canal  and  cranial 
cavity,  and  the  tunica  vaginalis  in  front 
of  the  testicle.  A serous  membrane  is 
usually  described  as  forming  tAvo  layers,  the 
one  enveloping  the  viscus  (visceral)  and  the 
other  lining  the  Avail  of  the  cavity  (parietal)^ 
l)ut  it  AAull  be  seen  by  looking  at  fig.  26  that  it  is  really  one 
continuous  layer  Avhich  coA^ers  both.  All  serous  membranes 
form  shut  sacs,  Avith  the  exception  of  the  peritoneum  in  the 
female,  Avhere  there  is  a communication  Avith  the  cavity  of  the 
Avomb  by  means  of  the  Fallopian  tubes. 

In  structure  the  serous  membrane  consists  of  a single  layer 
of  flattened  cells,  supported  by  a connective  tissue  basis  in 
which  blood-A^essels  are  distributed.  In  health  it  only  secretes 
sufficient  fluid  to  lubricate  and  keep  soft  and  smooth  the 
opposing  surfaces. 


Fig.  26.— Wan  of  a Serous 
Membrane. 

1,  AA'all  of  cavity ; 2,  pari- 
etal layer  of  serous  mem- 
brane; 3,  visceral  layer; 
4,  ve.ssel  entering  the 
reflection ; 5,  the  con- 
tained organ.  [AVilson.] 
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Synovial  Membranes. — These  are  almost  identical  in 
structure  with  serous  memliranes,  but  the  secretion  is  thicker, 
and  more  like  white  of  egg.  Besides  lining  the  cavities  of 
joints,  they  also  form  closed  sacs,  which  are  interposed  between 
tendons  and  bones  to  diminish  friction  in  their  movements. 
Three  classes  of  synovial  membranes  are  described,  namely, 
those  lining  the  cavities  of  joints  (articular),  those  forming 
closed  sacs  (bursal),  and  those  forming  lubricating  sheaths  for 
tendons  (ensheathing). 

Synovial  membranes  are  entirely  formed  of  connective  tissue, 
but  on  the  surface  the  tissue  corpuscles  become  flattened  and 
crowded  together  so  as  to  produce  an  appearance  similar  to 
that  of  the  cells  lining  the  serous  memlwanes.  The  synovial 
membranes  of  joints  only  pass  a little  way  over  the  edge  of  the 
articular  cartilages,  and  do  not  cover  their  whole  surface. 

Mucous  Membrane. — This  is  the  tissue  which  lines  those 
internal  passages  of  the  body  communicating  with  the  exterior. 
It  secretes  a viscid  fluid,  called  mucus,  for  the  protection  and 
lubrication  of  its  surface.  There  are  two  great  tracts  of  mucous 
membrane,  the  gastro-pulmonary  and  genito-urinary;  the 
former  includes  the  membrane  lining  the  air-passages  and  the 
intestinal  tract,  the  latter  that  of  the  kidneys,  urinary  bladder, 
and  genital  organs. 

' In  structure,  mucous  membrane  consists  of  a deep  layei*, 
composed  of  connective  tissue,  in  which  vessels  and  nerves  divide 
and  are  distributed.  Above  this  is  an  exceedingly  thin  mem- 
l)rane,  formed  by  cell-plates  placed  edge  to  edge  (basement  mem- 
brane), and  on  this  one  or  more  layers  of  epithelium,  in  which  no 
vessels  are  found.  In  the  intestinal  canal  the  epithelium  is  in 
a single  layer  of  columnar  cells;  in  the  windpi])e  it  is  in  many 
layers,  and  the  surface  cells  are  ciliated.  Mucous  membrane 
has  generally,  many  glands  opening  on  to  its  surhlce,  but  these 
will  be  descril)ed  along  with  the  anatomy  of  the  several  organs 
of  which  this  membrane  forms  a part. 

Secreting*  Glands. — All  secreting  glands  consist  essen- 
tially of  a basement  membrane,  on  one  side  of  which  are  se- 
creting cells,  and  on  the  other  side  a plentiful  supply  of  blood 
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contained  in  capillary  vessels.  Some  glands  are  very  simple, 
and  are  nothing  but  short  tubes  lined  by  cells,  and  supplied 
with  blood-vessels  on  their  deep  aspect.  Others  are  so  compli- 
cated as  to  be  difficult  to  unravel.  For  the  purpose  of  descrip- 


Fig.  27.— Diagram  of 
the  Structure  of  Secret- 
ing Glands. 

The  continuous  line  repre- 
sents the  basement  mem- 
brane. The  dotted  line 
represents  the  position 
of  the  cells  on  one  side  of 
the  basement  membrane. 
The  irregular  line  shows 
the  position  of  the  blood- 
vessels. 1 shows  the 
.simple  tubular  gland. 
2 indicates  how  the 
mouth  may  become  shut 
and  a sac  formed.  3 re- 
presents a coiled  tube. 
4 and  5 indicate  the  for- 
mation of  recesses  to  pro- 
duce a sacculated  gland, 
and  6 is  a plan  of  i>art 
of  a racemose  gland. 
[Sharpey.J 
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tion  they  have  been  divided  into  six  forms,  three  simple  and 
three  compound.  The  former  are  the  simple  follicle  (fig.  27,  1), 
the  simple  saccule  (2),  and  the  simple  tubule  (3).  The  latter 
are  the  compound  follicle  (4),  compound  saccule  (5  and  6),  and 
compound  tulnde.  The  compound  saccule  is  also  known  as  the 
racemose  gland.  It  consists  of  lobules  arranged  on  a central 
duct  so  as  to  present  the  appearance  of  a cluster  of  grapes. 
The  glands  which  secrete  the  saliva  are  of  this  nature. 


OSTEOLOGY. 


THE  DESCRIPTION  OF  THE  BONES. 


As  man  is  a vertebrate  animal,  he  is  distinguished  by  the  pos- 
session of  a backbone,  or  vertebral  column,  commonly  known 
as  the  spine.  The  upper  end  of  this  axial  column  supports  the 
skull;  below,  it  is  attached  to  the  pelvic  girdle,  while  in  the 
middle  it  receives  the  attachment  of  the  ribs,  and  through  them 
supports  the  breast-bone.  These  together  form  the  axial  skele- 
ton, the  bones  of  the  arms  and  legs  constituting  the  appen- 
dicular skeleton.  The  number  of  the  bones  in  the  l)ody  is 
shown  in  the  following  table : 


Vertebral  Column. — The  Vertebral  Column  or  spine 
consists  of  numerous  separate  bones,  called  vertebrae,  which  in 
the  living  body  are  held  together  by  pads  of  fibro-cartilage,  the 
intervertebral  discs.  At  the  lower  end  of  the  column,  the 
vertebras  become  considerably  modified,  and  are  welded 
together  to  form  two  bones,  the  sacrum  and  coccyx.  For  this 
reason  the  vertebrae  have  been  divided  into  the  true  or  free, 
and  the  false  or  fixed  vertebrae,  and  their  number  and  arrange- 
ment is  shown  thus : — 


Appendicular  Skeleton 


Axial  Skeleton 


^Cranium, 

Face,  ...  ...  14-’ 

Vertebral  column,  24 
Sacrum  and  coccyx,  2 
Hyoid  bone,  ...  1 

^Sternum  and  ribs,  25 

/ Upper  limbs,  ...  64 

f Lower  limbs,  ...  62 


Total,  200 


7 Cervical  (neck). 


94  I 

“ I 5 liUmbar  (loin). 

False  V 


True  Vertebrae  J 12  Dorsal  (back). 

I 5 liUmbar  (loin). 
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Characters  of  a Vertebra. — A vertebra  consists  of  a solid 
mass  or  body  (centrum),  from  which  two  processes  pass  back- 
wards so  as  to  form  a ring,  the  vertebral  canal,  enclosing  the 
spinal  cord.  The  part  of  this  ring  near  the  body  of  the  ver- 
tebra on  each  side  is  named  the  pedicle.  It 
is  grooved  on  its  upper  and  under  surface 
for  the  passage  of  the  nerves  given  off  from 
the  spinal  cord  (intervertebral  notch). 
The  l)ack  part  of  the  ring  is  formed  by 
somewhat  flattened  plates,  the  laminae,  and 
fi'om  the  junction  of  these  behind  there 
springs  a strong  process,  the  spinous  pro- 
cess, and  it  is  these  projections  in  the  series 
of  vertel)rae  which  have  given  the  name 
of  spine  to  the  whole  column.  At  the 
junction  of  the  laminae  and  the  pedicles, 
strong  pieces  of  bone  jut  out  horizontally, 
tlie  transverse  processes,  and  near  their  roots  smooth  surfaces 
are  seen,  bv  means  of  which  the  vertebrae  - are  connected  with 
each  other,  the  articular  processes.  The  transverse  and 
spinous  ])i‘ocesses  are  chiefly  intended  for  the  attachment  of 

the  muscles  which  move  the  column, 
but  in  the  dorsal  region  the  former 
give  support  also  to  the  ribs. 


Fig.  28.— A Dorsal  Vertebra. 

a.  Centrum  or  Ixaly ; h,  junction 
of  tlie  lamime ; c,  pedicles ; 
d,  spinous  process;  e,  trans- 
verse process ; /,  depression  on 
tlie  transver.se  process  for  the 
support  of  a rib;  g,  articular 
process;  /i,  vertebral  ring. 


«,  Centrum  or  body;  d,  sjiinous 
process;/,  vertebral  foramen; 
g,  articular  process. 


Fig.  30.— The  Atlas  Vertebra.  . 

rt,  Anterior  arch;  e,  facet  for  joint  with  odontoid 
process;/,  vertebral  foramen;  g,  articular  pro- 
cess; k,  processes  for  attachment  of  transverse 
ligament;  ?,  vertebral  ring. 


The  peculiar  features  of  the  true  vertebrie  in  each  of  the 
three  regions  will  now  be  described. 

Cervical  Vertebrae. — The  vertebrae  of  the  neck  are  seven  in 
number,  but  the  first,  called  atlas,  and  the  second  axis,  are  so 
different  from  the  rest  as  to  demand  a separate  description. 
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h.  Odontoid  process;  c,  its 
neck ; d,  fiioet  for  joint  with 
arcli  of  atlas ; e,  tip  of 
odontoid ; g,  g,  articular 
processes. 


The  others  are  distinguished  by  the  following  characters: — the 
body  is  thin,  hollowed  out  above,  convex  below;  the  spinous 
processes  are  short,  and  are  divided  into  two  at  their  end,  ex- 
cepting the  seventh  (and  often  the  sixth) ; the  transverse 
processes  are  also  short  and  similarly 
divided;  they  are  deeply  grooved  on  the 
upper  side,  and  are  pierced  by  a small  hole 
(foramen)  for  the  vertebral  artery  to  pass 
through.  The  first  cervical  vertebra  or 
atlas  is  a simple  ring  of  lione  without  body. 

At  the  sides  it  has  above  two  deej)  cups 
for  receiving  the  condyles  of  the  occi{)ital 
bone  (skull),  and  lielow,  smaller  and  flatter 
facets  for  uniting  it  with  the  axis.  The 
spine  is  a mere  rudiment,  and  the  trans- 
verse process  is  strong,  long,  and  undivided.  The  front  part 
of  the  ring  receives  the  })rojecting  upper  pai’t  of  the  axis.  The 
axis  or  second  cervical  vertebra  is  distinguished  liy  a tooth- 
like process  projecting  from  the  upper  surface  of  the  body, 
the  odontoid  process,  on  which  the  atlas 
rotates,  carrying  the  head  with  it.  The 
seventh  cervical  vertebra  {vertebra  pro- 
minens)  is  only  notal)le  for  the  })Ossession 
of  a longer  and  stronger  spinous  process 
than  the  rest,  and  which,  moreover,  is 
not  divided  at  its  extremity. 

Dorsal  Vertebrae. — There  are  twelve 
dorsal  vertebrae,  and  their  special  char- 
acter is  that  they  support  the  ribs. 

Hence,  on  each  side  of  the  l)ody  there  are 
two  little  depressions  (facets),  one  at  the 
upper  border  and  the  other  at  the  lower, 
for  receiving  the  heads  of  the  ribs;  in  this  way,  each  veidebra 
gives  support  to  parts  of  four  ribs.  There  are,  however, 
exceptions  to  this  rule,  for  the  upper  depression  on  the  first 
vertebra  is  a whole  facet,  while  on  the  ninth  there  is  only  one 
half  facet  on  each  side,  and  on  the  tenth,  eleventh,  and  twelfth 

I M 24  ) 0 


a.  Centrum  or  Ixxiy  ; h,  junction 
of  the  lainina>;  c,  c,  pedicles; 
d,  spinous  i)roce.«s;  e,  trans- 
verse process  ; /,  depression  on 
the  transverse  process  for  the 
support  of  a rib;  g,  articular 
process;  h,  vertebral  ring. 
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a whole  facet  on  each  side.  The  transverse  processes  are 
thick,  long,  and  strong;  they  are  hollowed  out  at  their  tips  to 
receive  the  attachment  of  the  tubercle  of  a rib,  excepting  the 
eleventh  and  twelfth,  which  have  no  connection  with  the  ribs. 
The  spinous  processes  are  long  and  triangular;  they  are  directed 
downwards  so  as  to  overlap  each  other. 

Lumbar  Vertebrae. — The  lumbar  vertebrae,  five  in  number, 
are  much  thicker  and  stronger  than  those  of  the  other  regions 

of  the  spine.  They  are  distinguished 
from  the  cervical  vertebrae  by  the 
absence  of  the  hole  in  the  transverse 
process,  and  from  the  dorsal  by 
their  having  no  facets  for  ribs.  The 
spinous  processes  are  directed  hori- 
zontally backwards,  and  are  broad 
and  strong;  the  transverse  processes 
are  long  and  slender. 

The  Sacrum  is  formed  by  the 
fusion  of  five  vertebrae.  It  is  tri- 
angular in  shape,  with  the  base 
directed  upwards  and  the  apex 
downwards;  it  is  concave  in  front,  and  convex  behind.  Its 
front  surface  is  pierced  on  each  side  by  four  holes  for  the 
passage  of  spinal  nerves.  Its  back  surface  is  rough  and  irregu- 
lar, the  prominences  representing  rudimentary  spinous  and 
transverse  processes;  on  this  surface  there  are  openings  for  the 
spinal  nerves,  similar  to  those  on  the  front  of  the  bone.  The 
upper  end  of  the  l)one  has  an  oval  surface,  for  supporting  the 
last  lumbal’  vertebra,  and  the  lower  end  a similar  but  much 
smaller  surface  for  the  coccyx.  On  each  side  of  the  bone  there 
is  a smooth  ear-shaped  surface,  corresponding  to  a similar  sur- 
face on  each  innominate  bone;  in  the  living  being  these  are 
united  to  the  latter  liy  plates  of  fibro-cartilage.  At  the  upper 
])art  of  the  sacrum  there  is  a large  articular  process  on  each 
side,  by  which  it  is  connected  with  the  articular  processes  of 
the  last  lumbar  vertebra. 

The  Coccyx  is  a rudimentary  structure  representing  the  tail 


Fig.  33.— A Ijiimbar  Vertebra. 

a.  Centrum  or  boiL';  h,  union  of  laminne; 
c,  pedicle;  d,  spinous  process;  e,  trans- 
verse process;  p,  articular  process. 
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bones  of  other  animals.  It  is  formed  l)y  the  bodies  of  four 
vertebrae. 

Curves  of  the  Spine. — When  the  whole 
of  the  bones  of  the  spine  are  joined  together 
by  the  intervertebral  discs,  the  spinal  column 
is  found  to  present  certain  permanent  curves. 

These  are  a cervical  curve,  convex  forwards; 
a dorsal  curve,  convex  backwards;  a lumbar 
curve,  convex  forwards;  and  a sacral  curve, 
convex  backwards;  there  is  also  a slight 
lateral  curve  to  the  right  in  the  dorsal 
re2;ion. 

The  Skull. — The  skull  is  divisible  into 
two  parts,  the  cranium  and  face,  the  former 
being  constructed  for  containing  the  brain, 
and  the  latter  for  supporting  the  chief  organs 
of  sense — the  eyes,  nose,  and  tongue. 

The  Cranium  is  formed  of  the  following 
eight  bones: — 


Occipital. 

Two  Parietal. 
Frontal. 

Two  Temporal. 

Sphenoid. 

Flthmoid. 


ntf'l 


Occipital  Bone. — This  bone  is  situated 
at  the  under  part  and  back  of  the  skull.  '(UL 
It  is  pierced  by  a large  o])ening,  the  foramen  VI2& 
magnum,  by  means  of  which  the  spinal  cord 
is  united  with  the  brain,  and  through  which 
two  of  the  main  arteries  of  the  brain  (tlie 
vertebral  arteries)  reach  the  skull.  Its 
upper  surface  supports  the  lesser  brain  and 
part  of  the  great  brain,  and  is  marked 
by  vertical  and  horizontal  ridges  for  the 
attachment  of  membranes  of  the  brain.  The  under  surface  of 
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Fis,  34.— Tlie  Vertebral 
Column. 

«,  Cervical  curve;  {i,  u,  p, 
dorsal  curve;  h,  lumbar 
curve.  The  numbers 
correspond  to  those  of 
the  vertebrae. 
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the  bone  gives  attachment  to  muscles  of  the  neck,  and  has  two 
oval  articular  surfaces  or  condyles,  which  fit  into  the  cups 
already  descril)ed  as  situated  on  the  upper  surface  of  the  atlas. 

Parietal  Bones. — These  are  two  tabular  bones  forming 
the  major  part  of  the  vault  (or  rounded  upper  part)  of  the 
cranium  (fig.  39,  b).  They  are  grooved  in  the  interior  by 


branching  channels,  which  lodge  the  arteries  of  the  membranes 
of  the  brain. 

Frontal  Bone. — This  bone  forms  the  forehead,  and  the  upper 
part  or  roof  of  the  two  orbital  cavities  or  eye-sockets  (fig. 
39,  a).  Its  inner  surface  is  concave,  and  supports  the  anterior 
lobes  of  the  brain.  The  margins  of  the  orbits  are  formed  by  sharp 
semicircular  edges,  the  supra -orbital  ridges,  and  near  the 
inner  end  of  each  is  either  a notch  or  a small  hole,  through 
which  pass  the  supra-orbital  vessels  and  nerves.  Above  the 
inner  end  of  these,  on  each  side,  are  raised  and  slightly  rough 
bony  prominences,  the  superciliary  ridges,  supporting  the  inner 
end  of  the  eyebrows.  The  middle  of  the  lower  part  of  the  bone 
is  hollowed  into  a cavity,  the  frontal  sinus,  which,  when  the 
bones  are  joined  together,  communicates  with  the  cavity  of  the 


Fig.  35.  — Occi- 
pital Bone  from 
l>elow. 


1,  E.xternal  occipi- 
tal protuberance; 
2 and  3,  superior 
curved  line ; 4, 

inferior  curved 
line ; 5,  posterior 
condylar  fora- 
men ; 6,  jugular 
process;  7,  groove 
forming  pait  of 
jugular  foramen; 
8,  condyle ; 9,  tu- 
bercle for  attach- 
ment of  pharynx; 
10,  basilar  pro- 
cess ; 11,  foramen 
magnum;  12,  oc- 
cipital spine. 
[Quain.j 
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Temporal  Bones. — These  are  placed  one  on  each  side  at  the 
base  of  the  skull,  and  contain  in  their  interior  the  organs  of 
hearing.  Each  temporal  bone  is  divisible  into  three  parts — a 
thin,  scaledike  upper  portion,  called  squamous,  which  overlaps 
the  lower  edge  of  the  parietal  and  forms  part  of  the  temple', 
a rough  back  part,  projecting  downwards  in  a nipple-like 
process,  the  mastoid;  and  a thick  and  hard  triangular  mass, 
the  petrous,  which  passes  inwards  into  the  interior  of  the  base 
of  the  skull.  The  latter  is 
the  densest  and  hardest  lione 
in  the  body,  and  yet  is  the 
most  freciuently  broken  of 
all  the  bones  of  the  skull. 

At  the  junction  of  these 
three  portions  is  an  oval 
aperture,  the  external  ojien- 
ing  of  the  ear,  meatus  audi- 
torius  externus,  leading  into 
the  cavity  of  the  tympanum 
in  the  interior  of  the  bone. 

In  front  of  this  opening  is  a 
hollow,  the  glenoid  cavity, 
which  gives  lodgment  to  the 
condyle  of  the  lower  jaw,  and 
is  bounded  in  front  by  a rounded  ridge,  the  articular  eminence, 
upon  which  the  condyle  moves  when  the  mouth  is  opened  and 
^ shut.  From  the  outer  surface  of  the  temporal  bone  a thin,  knife- 
like  portion,  the  zygoma,  passes  forwards  to  join  the  cheek- 
bone, and  from  its  under  part  a spike  projects  down,  the  styloid 
■Jj  process,  to  give  attachment  to  certain  muscles  and  ligaments. 
Sphenoid. —This  is  a very  irregular  bone,  placed  in  the 
front  part  of  the  base  of  the  skull  (fig.  40,  sph)-,  it  assists  in  form- 
ing the  cavities  for  the  eyes  and  nose,  the  base  of  the  skull, 
and  the  temple;  and  has  numerous  nerves  and  vessels  j)assing 
through  small  openings  scattered  throughout  it.  Its  central 
part  contains  two  cavities,  the  sphenoidal  cells,  which  are  in 
communication  with  the  cavities  of  the  nose. 


Fig.  36.— Left  Temporal  Bones,  outer  view. 


1,  Tubercle  of  zi’goma;  2,  glenoid  cavity;  3,  fissure 
of  (ilaser;  4,  vaginal  process;  5,  styloid  process; 
(!,  termination  of  temporal  ridge;  7,  middle  root 
of  zygoma;  8,  external  opening  of  ear;  9,  stylo- 
mastoid foramen. 
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Ethmoid. — A very  delicate,  spongy  bone,  lying  in  front  of 
the  sphenoid  and  beneath  the  frontal.  It  consists  of  a sieve- 
like horizontal  plate  through  the  holes  of  which  pass  the 
nerves  of  smell,  and  of  delicate  coiled  bones,  occupying  the 
cavities  of  the  nose,  and  on  which  those  nerves  are  distributed. 
It  also  forms  the  inner  wall  of  each  orbital  cavity. 

The  Face  is  formed  by  fourteen  bones — six  pairs  and  two 
single  ones.  They  are  as  follows: — 

Two  Superior  Maxillary  (upper  jaws). 

Two  Nasal. 

Two  Lachrymal. 

Two  Malar. 

Two  Palate. 

Two  Turbinated. 

One  Vomer. 

One  Inferior  Maxillary  (lower  jaw). 


The  Superior  Maxillary  bones,  or  upper  jaws,  form  the 
greater  part  of  the  face.  Each  bone  has  at. its  lower  border  a 
crescentic  ridge  of  spongy  bone,  the  alveolar  process,  which 

receives  the  implan- 
tation of  the  upper 
teeth.  At  its  upper 
part  is  a thin  trian- 
gular plate  of  bone, 
the  orbital  process. 


Fig.  37.— Superior 
IVIaxillary  Boue  of 
the  Right  Side. 

1,  Outer  surface;  2,  pos- 
terior surface;  3,  orbi- 
tal plate;  4,  infra-orbi- 
tal foramen ; 5,  infra- 
orbital canal;  C,  edge 
of  orbit ; 7,  part  which 
unites  with  the  malar; 
8,  nasal  process ; 9,  na- 
sal cavity ; 10,  nasal 
spine ; 11,  fos.sa  for  one 
of  the  muscles  of  the 
face;  12,  alveolar  pro- 
cess; 13,  part  joined  to 
the  ethmoid;  14,  nasal 
duct;  16,  palate  process; 
i,  incisor  teeth ; c,  ca- 
nine; b,  bicuspids;  m, 
molars.  [Wilson.] 


forming  the  floor  of 
the  orbit;  it  is  tra- 
versed by  a grooA^e, 
terminating  on  the 
face  in  an  opening 
of  some  size  (infra- 
orbital groove  and 
foramen);  these  lodge  the  infra-orbital  vessels  and  nerve. 
On  the  inner  side,  a strong  but  narrow  process  passes  upwards 
(nasal  process)  to  form  a part  of  the  nose.  At  the  outer  and 
upper  corner  this  bone  unites  with  the  malar  or  cheek-bone. 
At  the  lower  part  there  projects  inwards  from  it  an  arched 
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shelf,  the  palate  process,  which  assists  in  the  formation  of  tlie 
hard  palate.  In  the  interior  of  the  bone  is  a triangular  cavity, 
the  antrum,  communicating  with  the  nasal  cavity. 

The  Nasal  bones  are  two  very  small  bony  scales  which  form 
the  bridge  of  the  nose. 

The  Lachrymal  are  two  minute,  scale-like  bones,  placed  im- 
mediately within  the  inner  margin  of  each  orbit;  they  are 
grooved  to  give  lodgment  to  the  tear-sacs  (lachrymal  sacs). 

The  Malar  or  cheek-bones  are  the  chief  cause  of  the  lateral 
projection  of  the  cheeks  just 
below  the  eyes;  each  bone 
connects  the  zygoma  of  the 
temporal  with  the  upper  jaw. 

The  Palate  bones  (two  in 

irregular  bones,  forming  the 
back  part  of  the  hard  palate, 
and  the  back  part  of  the 
lateral  walls  of  the  nasal 
cavities,  as  well  as  a small 
portion  of  the  floor  of  the 
orbits. 

The  Turbinated  are  two 
small  curved  bones  attached 
to  the  outer  walls  of  the 
nasal  cavities;  their  oidy 
purpose  is  to  give  greater  surface  on  which  the  mucous  mem- 
brane of  the  nose  may  be  spread  out. 

The  Vomer,  a single  bone,  lies  in  the  middle  of  the  face 
bones,  and  serves  to  divide  the  right  nasal  cavity  from  the  left. 
It  is  connected  above  with  the  under  surface  of  the  sphenoid, 
and  below  with  the  superior  maxillary  and  ])alate  bones. 

The  Inferior  Maxillary,  or  lower  jaw,  is  the  largest  bone  of 
the  face,  and  the  only  movable  l)one  of  the  skull.  It  consists  of 
two  lateral  halves,  absolutely  alike  in  every  respect;  these  two 
parts  are  formed  separately,  but  join  together  about  the  end  of 
the  first  year  of  life,  the  line  of  their  union  being  called  the  sym- 


number)  are  very  small  and 


1,  Body;  2,  ramus;  3,  symiihysis;  4,  f(jssa  for  one  of 
the  muscles  of  tlie  face;  5,  mental  foramen ; 0,  ob- 
lique ridge;  7,  groove  for  facial  artery;  8,  angle; 
9,  mylo-hyoid  ri<lge;  10,  coronoid  i>rocess;  11,  con- 
dyle; 12,  notch;  13,  inferior  dental  foramen;  14, 
groove  for  a small  artery  and  nerve;  15,  alveolar 
process;  i,  incisor  teeth;  c,  canine;  b,  bicuspids; 
m,  molars.  [Vilsou.J 
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physis.  The  horizontal  part  of  the  l)oiie  is  called  the  body;  it 
is  thick  and  strong,  but  bears  on  its  upper  border  the  soft, 
spongy  alveolar  process  (similar  to  that  in  the  upper  jaw)  for 
the  implantation  of  the  teeth.  Passing  upwards  on  each  side 
is  a vertical  process,  the  ramus,  the  junction  of  which  with 
the  body  is  the  angle.  The  ramus  divides  at  its  upper  end 
into  two  processes;  the  anterior,  sharp  and  pointed,  called  the 
coronoid  process,  is  for  the  attachment  of  the  temporal  muscle; 

the  posterior  one,  rounded  and 
thick,  is  the  condyle,  and  by 
its  means  the  lower  jaw  arti- 
culates with  the  temporal  bone. 
Two  openings  for  nerves  and 
vessels  are  found  on  each  half  of 
this  bone — one  on  the  inside  of 
the  angle  for  the  inferior  dental 
nerve  and  artery,  and  the  other 
on  the  outside  of  the  body  for 
the  mental  nerve  and  artery. 

The  Skull  as  a whole. — 

The  whole  of  the  bones  of  the 
skull  have  now  been  described 
individually,  but  it  will  be  in- 

at  them  as  they  are  united 
together  in  the  formation  of  the  cranium  and  face.  The  com- 
pleted  skull  may  be  looked  at  in  at  least  six  aspects,  namely : — 
from  al)ove  {vertex),  on  either  side  {two  lateral  views),  from 
below  {base),  from  within,  looking  downwards  {inner  surface  of 
base),  and  from  the  front  {face). 

The  vertex  (as  the  top  of  the  skull  is  called)  is  formed  by 
the  frontal,  two  parietal,  and  upper  ])art  of  the  occipital  bone. 

In  the  side  view  we  notice  that  all  the  bones  of  the  cranium 
are  visible  excepting  the  ethmoid.  Towards  the  front  of  the 
skull  the  lateral  region  is  divided  into  two  by  the  zygoma. 
Above  that  process  there  is  a large  hollow,  corresponding  to 
the  position  of  the  “temple”;  it  is  called  the  temporal  fossa, 


structive  to  take  another  glance 


Fig.  39.— The  Skull,  viewed  from  the  side. 

A , Frontal  hone ; B,  parietal ; C,  sphenoid ; 
D,  temporal  (squamous);  JV,  mastoid  of  tem- 
poral ; E.  malar ; F,  upper  jaw ; G,  nasiil ; II, 
lachrymal ; 0,  occipital ; e,  ethmoid ; K,  lower 
jaw;  r,  zygoma;  p,  condyle  of  lower  jaw. 
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and  in  the  living  person  is  occupied  by  the  temporal  mnscle, 
one  of  the  chief  muscles  of  mastication.  Below  the  zygoma 
we  notice  the  ramns  of  the  lower  jaw,  and  behind  this  the 
external  opening  of  the  ear  (external  auditory  meatus)  and  the 
mastoid  process. 

On  turning  the  sknll  npside  down  and  examining  the  base, 
we  observe  at  the  l)ack  the  rough  surface  on  the  occipital  bone  for 
the  muscles  of  the  neck,  and  in  front  of  this  the  large  opening 
of  the  foramen  niagnnm,  with  the  oval  condyles  placed  one  on 
each  side  of  its  anterior  part.  In 
front  of  the  occipital  l)one  will  be 
noticed  the  ragged  and  dense  pe- 
trous portions  of  the  temporal  liones, 
with  the  liasal  portion  of  the  occi- 
pital and  sphenoid  between  them. 

Between  the  occipital  and  temporal 
of  each  side  is  a large  irregular 
opening,  the  jugular  foramen,  for 
the  passage  of  the  jugular  vein  and 
9th,  10th,  and  11th  cranial  nerves; 
and  in  the  petrous  bone  itself  is  a 
curved  canal,  with  two  openings,  for 
the  internal  carotid  artery.  In 
front  of  the  petrous  bones  is  the  un- 
der surface  of  the  sphenoid,  j)ierced 
by  numerous  openings  for  the  ])assage  of  vessels  and  nerves. 
If  the  lower  jaw  be  removed,  it  will  l)e  seen  that  the  part  of 
the  base  of  the  sknll  formed  by  the  bones  of  the  face  is  carried 
downwards  to  a much  lower  level  than  the  rest  of  the  sknll; 
the  projection  thus  formed  is  the  hard  palate.  It  is  made  up 
of  the  palate  processes  of  the  superior  maxillary  and  palate 
bones,  is  bounded  by  the  alveolar  processes  and  teeth,  Avhich 
form  a horse-shoe  curve  ai-ound  it,  and  is  concave,  as  viewed 
from  below. 

The  inner  surface  of  the  base  of  the  sknll  differs  in  manv 
important  respects  from  the  outer  surface.  It  is  divided  into 
three  hollows  or  fossae,  the  anterior  being  the  shallowest  and 


Fig.  40.— The  Base  of  the  Skull. 


F.M.,  Foramen  magnum ; at,  occipital 
condyle  for  articulating  with  the 
atlas;  8]>h,  sphenoid;  zy,  zygoma; 
V,  vomer ; p,  palate  bone ; am,  palate 
process  of  superior  maxilla ; n,  poste- 
rior nares. 
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the  posterior  the  deepest.  The  anterior  fossa  forms  the  roof 
of  the  orbits,  and  has  in  the  centre  of  it  the  sieve-like  plate  of 
the  ethmoid,  on  which  lie  in  the  living  body  the  olfactory 
bulbs,  giving  off  the  nerves  of  smell.  The  middle  fossa  is 
formed  l)y  the  sphenoid  and  temporal  leones,  and  supports  the 
middle  lobes  of  the  brain;  at  its  anterior  limit  there  is  a long 
slit  (sphenoidal  fissure)  leading  into  the  orbit,  and  through 

Fig.  41.— Interior  of  Base 
of  Skull. 

1,  Anterior  fossa;  2,  lesser 
wing  of  sphenoid ; 3,  4, 5, 
different  parts  of  eth- 
moid; 6,  groove  for  the 
nerves  of  sight;  7,  optic 
foramen ; 8,  process  to 
which  the  dura  mater  is 
attached;  9,  groove  for 
internal  carotid  artery; 

10,  middle  fossa;  11,  squa- 
mous part  of  temporal; 

12,  i^etrous  hone ; 13,  body 
of  sphenoid;  14,  basilar 
part  of  splienoid  and  oc- 
cipital ; 15,  16>,  openings 
for  branches  of  the  fifth 
nerve;  17,  opening  for 
the  middle  meningeal  ar- 
tery ; 18,  posterior  fossa ; 

19,  groove  for  lateral 
sinus ; 20,  ridge  for  dura 
mater;  21,  foramen  mag- 
num ; 22,  internal  open- 
ing of  ear;  23,  jugular 
foramen.  [Wilson.J 

this,  and  through  a neighbouring  small  circular  hole  (optic 
foramen),  the  vessels  and  nerves  reach  the  eyeball  and  the 
structures  around  it.  The  posterior  fossa  is  formed  by  the 
occipital  bone  and  a small  portion  of  the  two  temporal  bones; 
it  receives  the  lesser  brain,  and  is  pierced  by  the  foramen 
magnum  and  the  two  jugular  foramina. 

The  Face  is  formed  by  the  frontal,  superior  maxillary,  nasal, 
malar,  and  inferior  maxillary  bones.  At  the  upper  part  are 
the  two  large  pyramidal  cavities,  the  orbits,  Avhich  receive  the 
eyes  and  their  vessels  and  nerves.  Each  orbit  is  bounded 
aliove  by  a sharp  edge,  the  supra-orbital  ridge,  and  at  the 
inner  third  of  this  border  is  a notch  (sometimes  a small  hole), 
through  which  the  supra-orbital  nerve  passes.  The  lower  edge 
of  the  orbit  is  formed  by  a similar  ridge,  and  beneath  this  is 
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the  opening  alreadj’'  (lescril)ed  as  the  infra-orl)ital  foramen  for 
the  infra-orl)ital  nerve.  In  the  middle  line  is  the  opening  of 
the  nose,  formed  by  the  margins  of  the  superior  maxillary  and 
nasal  bones;  it  is  shaped  like  a leaf  turned  upside  down,  and 
is  very  large  as  compared  with  the  opening  into  the  nasal 
i cavities  when  the  skin,  muscles,  and  cartilages  are  present. 
» Within  the  opening  of  the  nose  can 
be  seen  the  front  edge  of  the  vomer 
(in  the  middle  line),  and  the  tip  of 
the  two  turbinated  bones. 

Hyoid  Bone. — This  is  a small 
U-shaped  bone  detached  from  the 
rest  of  the  skeleton,  and  situated  in 
the  upper  part  of  the  neck,  in  close 
connection  with  the  base  of  the  tongue, 
and  more  loosely  with  the  larynx 
(voice-box). 

The  Thorax  or  Chest.  — The 

skeleton  of  the  chest  or  thorax  con- 
sists of  the  dorsal  vertebrse,  the 
breast-bone  or  sternum,  the  rilis,  and 
costal  cartilages. 

Sternum  or  Breast-bone. — This  is 
a flat  bone  placed  in  the  middle  of  the  front  wall  of  the  chest. 
At  the  upper  border  it  supports  and  is  jointed  to  the  collar- 
bones; on  each  side  it  receives  the  costal  cartilages  of  the  true 
ribs;  while  below,  a pointed  or  divided  process,  the  xyphoid 
cartilage,  passes  from  it  into  the  upper  part  of  the  abdominal 
1 wall.  Its  anterior  surface  is  crossed  liy  five  slightly-raised 

I lines,  indicating  that  it  originally  was  formed  in  six  separate 

pieces.  Its  upper  border,  between  the  two  collar-bones,  is 
marked  by  a hollow,  the  supra-sternal  notch. 

Ribs. — The  ribs  are  twelve  on  each  side.  The  first  seven 
are  connected  with  the  sternum  by  costal  cartilages,  and  for 
this  reason  are  called  sternal  or  true  ribs;  the  remaining  five 
are  asternal  or  false  ribs.  The  last  two  are  only  connected 
with  the  bodies  of  the  vertebrae,  and  not  with  the  transverse 


Fig.  42.— The  Skull,  viewed 
from  before. 

a,  Frontal  bone;  li,  i>ariet:il;  C, 
siiheiioid;  />,  temporal ; E,  malar; 
F,  upper  jaw ; G,  nasal ; J,  vomer 
K,  lower  jaw ; L,  turbinated  bone 
of  ethmoid ; J/,  inferior  turbinated. 
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processes,  and  hence  are  termed  floating’  ribs.  Each  ril)  is 
bent,  and  forms  a segment  of  a circle ; it  is  also  slightly 
twisted  on  itself,  so  that  when  placed  on  a table  it  only  touches 
the  surface  at  one  or  two  points.  The  end  of  the  rib  which 
is  attached  to  the  body  of  the  vertebra  is  called  the  head. 

Beyond  this  is  a narrower  con- 
stricted part,  the  neck,  followed 
by  a tubercle,  which  in  most 
of  the  ribs  rests  against  the 
transverse  process  of  the  ver- 
tebra. Where  the  rib  bends 
forwards  there  is  a rough  ridge 
on  the  back  of  it,  named  the 
angle.  The  upper  edge  of  the 
rib  is  rounded,  the  lower  is 
grooved,  and  in  the  groove  run 
the  intercostal  artery  and  nerve. 
The  ribs  increase  in  length 
from  the  first  to  the  eighth,  and 
then  diminish  to  the  twelfth. 
The  first  is  nearly  horizontal, 
the  rest  slope  downwards  as 
they  pass  forwards.  The  first 
rib  is  marked  on  its  upper  sur- 
face by  two  grooves  separated 
by  a ridge.  The  groove  in  front 


Fig.  43 —The  Thorax. 


The  upper  vertebrae  enclosed  in  brackets  are 
cervical,  the  lower  lumbar.  1,  First  rib; 
c,  c,  co.stal  cartilages ; /,/,  floating  ribs ; o,  p, 
upper  and  middle  portions  of  sternum ; q,  xy- 
phoid  cartilage;  r,  clavicle;  s,  scapula;  s’, 
spine  of  scapula;  s",  acromion  process;  s'", 
glenoid  cavity;  t,  front  of  scapula;  7, 12,  the 
seventh  and  twelfth  ribs. 


of  the  ridge  is  for  the  subclavian 


vein,  that  behind  it  for  the 
subclavian  artery,  and  the  ridge 
itself  gives  attachment  to  the 
anterior  scalene  muscle. 

Costal  Cartilages. — These  are  the  means  by  which  the 
ribs  are  prolonged  forwards  to  the  sternum.  The  cartilages 
diminish  in  lireadth  from  the  first  to  the  last,  and  the  lower 
ones  are  more  rounded  than  the  upper.  The  first  seven 
are  connected  with  the  sternum,  the  eighth  is  united  to  the 
seventh,  the  ninth  to  the  eighth,  and  the  tenth  to  the  ninth. 
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The  two  last  merely  tip  the  ends  of  the  two  last  ril)s,  and  are 
not  connected  with  each  other.  The  costal  cartilages  from  the 
seventh  to  the  tenth  form  an  elastic  arch  in  the  upper  part  of 
the  abdominal  wall,  and  the  ensiform  or  xyphoid  cartilage  is 
placed  between  the  upper  terminations  of  the  lateral  segments 
of  this  arch. 

The  Thorax  or  Chest  as  a whole. — The  thorax  is  cone- 
shaped,  but  flattened  from  before  backwards.  It  has  its  widest 
measurement  from  side  to  side.  The  front  wall,  formed  by 
the  sternum  and  costal  cartilages,  is  much  shorter  than  the 
back  wall,  formed  by  the  dorsal  vertebrae  and  ribs.  The  verte- 
bral bodies  project  into  the  cavity  from  behind,  and  hence  there 
is  a posterior  recess  on  each  side,  which  is  occupied  by  the  back 
part  of  the  lungs.  In  consequence  of  the  obliquity  of  the  ribs, 
the  upper  end  of  the  sternum  corresponds  to  the  level  of  the 
lower  part  of  the  body  of  the  second  dorsal  vertebra  in  the 
male,  and  to  the  lower  part  of  the  body  of  the  third  in  the 
female.  For  this  reason  the  neck  has  the  aj)})earance  of  being 
longer  in  the  female  than  in  the  male.  The  female  thorax  is 
relatively  shorter  and  rounder  than  the  male,  and  is  also  rela- 
tively wider  in  its  upper  part.  The  lower  ])art  of  the  chest 
wall  encloses  the  upper  part  of  the  abdominal  cavity. 

The  Upper  Limb. — The  upper  limb  is  formed  by  the 
collar-bone  or  clavicle,  blade-bone  or  sca])ula,  arm-bone  or 
humerus,  forearm  bones  or  radius  and  ulna,  and  the  l)ones  of 
the  hand — wrist-bones  or  carpus,  metacarpus  and  phalanges. 
The  clavicle  and  scapula  form  the  ahouldev-ginlle. 

Clavicle  or  Collar-hone. — This  is  a long  curved  bone,  pass- 
ing outwards,  horizontally,  from  the  sternum  to  the  l)ladedjone. 
It  is  thick  and  prominent  where  it  joins  the  sternum,  thinner 
and  flattened  at  the  outer  end  where  it  joins  the  l)lade-bone. 
It  has  a long,  forward  curve  near  its  middle,  and  a short, 
backward  curve  near  its  outer  end.  Near  its  outer  end  it  is 
rough  on  the  under  surface,  from  the  attachment  of  strong 
ligaments  which  bind  it  to  the  coracoid  process  of  the  scapula. 
Its  anterior  surface  gives  rise  to  part  of  the  great  pectoral 
muscle,  and  to  its  outer  part  the  deltoid  and  trapezius  muscles 
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are  attached,  while  at  the  inner  end  it  gives  origin  to  the  great 
ninscle  of  the  neck,  the  sterno-mastoid. 

The  collar-])one  supports  the  shoulder,  and,  by  carrying  the 


Fig.  44.— Right  Clavicle,  from  above. 

1,  Greater  curve ; 2,  lesser  curve ; 3,  attachment  of  deltoid ; 4,  tubercle  f(4r  coraco-clavicular 

ligaments ; 5,  sternal  end. 


glenoid  cavity  of  the  scapula  well  away  from  the  chest  wall, 
gives  to  the  shonlder-joint  the  great  freedom  of  movement  it 
enjoys.  Falls  on  the  shonlder  or  upper  part  of  the  arm  fre- 
quently produce 
fracture  of  this 
bone. 

Scapula  or 
Blade-bone. — The 
shoulder-blade  is 
a triangular  bone 
placed  at  the  back 
of  the  shoulder, 
and  connected 
with  the  rest  of 
the  skeleton  by 
means  of  the  col- 
lar-bone alone.  It 
rests  on  the  upper 
part  of  the  chest- 
wall,  but  is  separ- 
ated from  the  ribs  by  muscles.  Of  its  three  borders,  one  (supe- 
rior) looks  upwards,  the  second  (vertebral)  backwards,  and  the 
third  (axillary)  downwards  and  outwards.  At  the  upper  end  of 


Fig.  45.  — Poste- 
rior Surface  of  Sca- 
pula or  Shoulder- 
l)lade. 

1,  Supra  - spinous 
fossa ; 2,  infra- 

spinous  fossa;  3, 
upper  border;  4, 
notch;  5,  axillary 
border;  6,  glenoid 
cavity;  7,  inferior 
angle ; 8,  neck, 

the  part  to  which 
the  triceps  is  at- 
tached ; 9,  verte- 
bral border ; 10, 
spine;  11,  trian- 
gular smooth 
area  over  which 
the  trapezius 
muscle  glides ; 
12,  acromion ; 13, 
nutrient  fora- 
men ; 14,  cora- 

coid. LWilsoii.] 
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the  axillary  border  is  a pear-shaped,  slightly  concave  surface,  the 
glenoid  cavity,  supported  by  a strong  buttress  of  bone.  This 
cavity  receives  the  head  of  the  humerus  in  the  formation  of  the 
shoulder  joint.  At  the  upper  part  of  the  glenoid  cavity  one 
head  of  the  biceps  muscle  is  implanted,  and  the  triceps  is  con- 
nected with  a rough  impression  below  that  cavity.  The  trian- 
gular blade  of  the  scapula  is  divided  on  its  posterior  surface 
into  two  unequal  parts  by  a strong  ridge  of  bone,  which  crosses 
it,  the  spine  of  the  scapula.  This  ridge 
gives  attachment  by  its  upper  edge  to 
the  trapezius  muscle,  and  by  its  lower 
one  to  the  deltoid.  The  upper  and 
smaller  division  is  called  the  supra- 
spinous fossa,  and  lodges  the  supra- 
spinous muscle;  the  lower  and  larger 
part  forms  the  infra-spinous  fossa  for 
the  infra-spinous  muscle.  The  spine  of 
the  scapula  as  it  passes  upwards  and 
forwards  spreads  out  into  a prominent 
process,  the  acromion,  which  overhangs 
the  glenoid  cavity  and  supports  the 
outer  end  of  the  clavicle.  Above,  and 
to  the  inner  side  of  the  glenoid  cavity, 
is  a hook-like  projection,  the  coracoid  process.  This  gives 
attachment  to  the  lesser  pectoral,  coraco-brachialis,  and  biceps 
muscles,  and  is  connected  with  the  under  siu'face  of  the  collar- 
bone by  strong  ligaments.  The  front  surface  of  the  scapula 
forms  the  back  of  the  cavity  of  the  arm -pit,  and  is  covered  by 
a muscle,  the  subscapularis. 

Humerus  or  Arm-bone. — This  is  a long  l)one,  having  at  its 
upper  end  a rounded  head  for  uniting  with  the  sca])ula  in 
the  shoulder- joint;  below  this  a long  cylindrical  shaft,  to 
which  muscles  are  attached;  and,  at  the  lower  end,  pulley-like 
surfaces  for  receiving  the  bones  of  the  forearm.  The  rounded 
head  has  at  its  outer  side  two  irregular  prominences  separated 
by  a groove.  The  groove  is  called  bicipital  from  its  being 
occupied  by  the  long  tendon  of  the  biceps  muscle.  The  larger 


Fig.  46.— The 
Humerus. 

«,  Head;  h, 
lower  articu- 
lar surface 
for  the  ulna ; 
c.  shaft ; d, 
greater  tuber- 
osity; e,  sur- 
gical neck  ; 
/,  anatomical 
neck ; g,  ex- 
ternal con- 
dyle; h,  inter- 
nal condyle. 
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and  outer  prominence  is  the  greater  tuberosity,  for  the  attach- 
ment of  the  external  rotator  muscles,  and  the  smaller  one  the 
lesser  tuberosity,  for  the  internal  rotator  muscle.  The  con- 
striction round  the  articular  surface  is  called  the  anatomical 
neck,  that  l>etween  the  head  and  the  shaft  the  surgical  neck. 
The  shaft  is  marked  at  the  back  l^y  a wide,  shallow  groove,  the 
musculo-spiral  groove,  for  the  musculo-spiral  nerve  and  a 
small  artery.  The  muscles  attached  to  the  shaft  of  this  bone  are 

— at  about  the  middle  of  the 
outer  side,  the  deltoid ; the 
corresponding  point  on  the 
inner  side,  the  coraco-brachi- 
alis;  the  back  of  the  bone, 
the  triceps;  and  the  lower 
part  in  front,  the  brachialis 
anticus.  The  lower  end  of 
the  humerus  has  two  articu- 
lar surfaces ; the  inner,  shaped 
like  a pulley  (trochlea),  for 
the  ulna,  and  the  outer,  small 
and  rounded  ( capitellum ), 
for  the  radius.  Projecting 
on  each  side  of  the  lower  end  is  an  irregular  prominence,  the 
outer  and  inner  condyle;  the  former  serves  for  the  origin  of 
the  extensor  and  supinator  muscles  of  the  forearm,  the  latter 
(much  the  longer  and  more  prominent)  for  the  flexors  and 
pronators. 


Fig.  47.— The  Ulna  and 
Radius. 

The  bones  are  sliown  displaced 
from  one  another  in  the  fig- 
ure. The  radius  (2)  is  above 
its  proper  i)osition.  Its  head 
should  move  on  the  side  of 
the  \dna  below  the  level  of 
the  hollow  (c).  1,  Ulna;  2, 
radius;  «,  olecranon;  h,  coro- 
noid  process;  c,  sigmoid 
notch  ; (/.  surface  for  articu- 
lation with  head  of  radius; 
e,  tubercle  of  radius ; /,  head 
of  radius ; p,  lower  end  of 
radius;  h,  neck  of  radius; 
i,  articular  surface  for  lower 
end  of  ulna;  k,  styloid  pro- 
cess of  radius ; I,  styloid  pro- 
cess of  ulna. 


Bones  of  the  Forearm  (Ulna  and  Radius). — The  bones  of 
the  forearm  are  two  in  nund^er,  the  ulna  and  radius.  The 
ulna  is  the  largest  of  the  two  at  the  elbow,  but  is  much 
the  smallest  at  the  wi’ist,  the  conditions  being  reversed  with 
the  radius.  In  this  way  the  ulna  takes  the  chief  part  in  the 
formation  of  the  ell)ow-joint,  and  the  radius  in  the  formation 
of  the  wrist-joint.  When  the  palm  of  the  hand  is  directed 
upwards  the  radius  is  the  outer  and  the  ulna  the  inner  bone, 
and  this  is  regarded  as  their  proper  anatomical  position. 

Ulna. — This  bone  is  easily  distinguished  by  the  hollow 
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sigmoid  notch,  at  the  upper  end,  which  receives  the  lower  end 
of  the  humerus.  Jutting  out  l)ehind  and  above  this  is  a strong 
process,  the  olecranon,  which  forms  the  tip  of  the  elbow,  and 
gives  attachment  to  the  triceps  muscle.  Below,  and  in  front 
of  the  articular  hollow,  is  another  strong  piece  of  bone,  the 
coronoid  process.  It  gives  attachment  to  the  brachialis  anticus 
muscle,  and  has  on  its  outer  side 
a smooth  depression  to  receive  the 
head  of  the  radius  (fig.  47,  d). 

The  shaft  of  the  ulna  is  trian- 
gular, and  is  completely  surrounded 
by  the  muscles  passing  to  the  hand. 

The  lower  end  forms  a small 
rounded  head  on  which  the  lower 
end  of  the  radius  moves ; project- 
ing downwards  from  it  is  a small 
spike-like  process,  the  styloid  pro- 
cess. 

Radius. — Easily  recognized  by 
the  rounded  upper  end,  and  the 
thick,  strong,  and  grooved  lower 
end.  The  upper  end  has  a smooth 
edge  all  round,  one  portion  articu- 
lating with  the  depression  on  the 
outer  side  of  the  upper  part  of  the 
ulna,  and  the  remainder  being  em- 
braced by  the  orbicular  ligament. 

At  the  extremity  is  a cu])-like  hollow,  which  receives  the  outer 
articular  eminence  of  the  humerus.  The  shaft  is  three-sided, 
and  gives  attachment  to  the  muscles  on  the  front  and  back 
of  the  forearm.  Its  inner  edge  is  sharp,  and  has  attached 
to  it  the  interosseous  membrane  connecting  the  two  forearm 
bones.  At  the  inner  side  of  the  shaft,  a little  below  the  head, 
is  an  elevation  or  tubercule,  into  which  is  inserted  the 
tendon  of  the  biceps;  and  at  the  outer  side,  near  the  middle, 
is  a rough  impression  for  the  round  pronator  muscle.  The 
lower  end  of  the  bone  is  thick  and  strong,  and  is  grooved  on 

(m  24) 


Fig.  48.— Back  of 
the  Ulna  and  Ra- 
dius. 

1,  Shaft  of  ulna.' 
2,  olecranon ; 3, 
sigmoid  notch ; 
4,  ridges  for  in-, 
terosseous  mem- 
hnuie ; 5,  part  of 
ulna  articulating 
with  lower  end 
of  radius ; 6,  sty- 
loid process  of 
radius ; 7,  shaft 
of  radius;  8,  its 
head  ; 9,  neck ; 

10,  tul)ercle;  11, 
lower  end ; 12. 

ridge  separating 
tendons;  13,  sty- 
loid process  of  ra- 
dius. [Wilson^ 
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the  back  for  the  tendons  of  the  extensor  muscles.  The  ex- 
tremity is  holloAved  out  into  a smooth  cavity  for  receiving  the 
two  outer  bones  of  the  wrist.  Projecting  from  the  outer  side 
of  this  end  of  the  bone  is  a strong  process,  called  styloid,  which 
protects  the  wrist-joint,  and  gives  attachment  to  the  external 
lateral  ligament  of  the  joint. 

The  Hand. — The  hand  consists  of  the  following  bones: — 


Wrist  or  carpus, 8 

Metacarpals, 5 

3 phalanges  in  each  finger, 12 

2 phalanges  in  the  thumb, 2 


Carpus  or  Wrist. — The  bones  of  the  carpus  are  small  ir- 
regular bones ; they  are  arranged  in  two  rows  of  four  each,  and 
are  named  from  their  shape  and  appearance. 

(Outer  side.)  (Inner  side.) 

First  row. — Scaphoid  Semilunar  Cuneiform  Pisiform. 

Second  row. — Trapezium  Trapezoid  Os  Magnum  Unciform. 

The  Scaphoid  has  a slight  resemblance  to  a boat,  with  the 
prow  directed  outwards  and  forwards.  The  Semilunar  is  half- 
moon-shaped.  These  two  bones  fit  into  the  hollow  at  the  end 
of  the  radius. 

The  Cuneiform  is  somewhat  wedge-shaped,  and  is  sometimes 
called  the  pyramidal  bone.  It  is  separated  by  a thin  triangular 
cartilage  from  the  end  of  the  ulna. 

The  Pisiform  (shaped  like  a pea)  does  not  lie  in  the  same 
plane  as  the  other  three,  but  is  placed  on  the  front  of  the  cunei- 
form. It  is  really  an  osseous  foimation  in  the  tendon  of  a 
muscle. 

The  Trapezium  (named  from  its  irregular  four-sided  shape) 
is  the  bone  which  supports  the  thumb.  It  is  grooved  in  front 
for  the  tendon  of  one  of  the  flexor  muscles  of  the  wrist.  The 
trapezoid  is  a small  and  very  irregular  bone. 

The  Os  Magnum,  the  largest  of  the  carpal  bones,  is  placed 
in  the  midst  of  them,  and  is  known  by  having  a rounded  head 
and  below  it  a constricted  neck. 
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The  Unciform  has  a projecting  hook  in  front,  and  is  the 
only  hone  of  the  wrist  which  supports  two  metacarpals,  namely, 
those  of  the  ring  finger  and  little  finger. 

The  carpal  bones  are  l)road  and  flattened  behind,  narrower 
and  irregular  in  front.  On  the  palmar  (or  anterior)  aspect  of 
the  wrist  the  prominence  of  the  scaphoid  and  trapezium  on 
the  outer  side  and  the  pisiform  and  unciform  on  the  inner 
leave  between  them  a groove  in 
which  lie  the  tendons  of  the  muscles 
and  the  main  nerves  of  the  palm, 
being  bridged  over  1)}"  a ligament 
(the  annular  ligament)  passing  from 
the  one  prominence  to  the  other. 

The  Metacarpal  are  long  bones 
with  square  bases,  triangular  shafts, 
and  rounded  heads.  Those  of  the 
fingers  lie  close  together,  and  have 
little  freedom  of  movement;  that  of 
the  thunil)  deviates  from  the  others, 
and  is  freely  movable. 

The  Phalanges  (finger-bones)  form 
the  joints  of  the  fingers.  They  are 
flattened  in  front,  rounded  behind, 
and  have  grooved  articular  ends; 
the  last  phalanges  have  at  the  back 
a rough  crest  which  supports  the 
matrix  of  the  nail. 

The  Lower  Limb. — The  lower  limb  is  formed  by  the 
innominate  or  haunch-bone,  the  femur  or  thigh-bone,  the 
patella  or  knee-cap,  the  tibia  and  fibula  or  leg-1  >ones,  and  the 
bones  of  the  foot,  consisting  of  the  tarsus  or  ankle-bones,  meta- 
tarsus, and  phalanges.  The  haunch-bones  of  the  two  sides  of 
the  body,  with  the  sacrum  and  coccyx,  form  the  pelvis. 

The  Innominate  or  haunch-bone  is  of  very  irregular  shape. 
When  first  formed  it  consisted  of  three  pieces,  and  it  is  con- 
venient, for  descriptive  purposes,  to  still  retain,  the  names 
which  the  three  separate  pieces  had.  Thus  we  have  a broad 


Fig.  49.— The  Hand,  from  behind. 

1,  Scaphoid;  2,  semilunar;  3,  cunei- 
form; a dotted  line  leading  to  4 shows 
the  position  of  the  pisiform  hone, 
which  rests  on  the  cuneiform,  and 
can  be  seen  only  from  the  front; 
5,  trapezium;  6,  trapezoid;  7,  os  mag- 
num ; 8,  unciform ; m,  the  five  meta- 
carpal bones;  p,  phalanges  of  fingers; 
p’,  phalanges  of  thumb. 
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expanded  part,  which  projects  upwards  and  outwards,  the 
ilium;  a rough  and  strong  portion,  passing  downwards  and 
backwards,  and  forming  the  support  of  the  body  in  the  sitting 
posture,  the  ischium;  and  a part  whicli  passes  inwards  and 
forwards  to  unite  with  its  fellow  of  the  opposite  side  in  the 
middle  line,  the  pubes.  Where  these  three  parts  join  there  is 
a cup-shaped  cavity  for  receiving  the  round  head  of  the  thigh- 


Fig.  50.— Innominate 
Bone,  from  above. 

1,  Ilium;  2,  ischium;  3, 
pubes;  4,  crest  of  ilium; 

5,  attachment  of  glu- 
teus maximus;  6,  pos- 
terior superior  spine;  7, 
posterior  inferior  spine; 

8,  great  sciatic  notch ; 

9,  spine  of  ischium  ; 10, 
lesser  sciatic  notch ; 11, 
attachment  of  biceps  and 
semi-tendinosus ; 12,  at- 
tachment of  semi-mem- 
hranosus ; 13,  tuberosity 
of  ischium ; 14,  origin  of 
great  adductor;  15,  ra- 
mus of  pubes;  16,  sym- 
physis pubis;  17,  ilio- 
pectineal  line;  18,  sur- 
face of  acetabulum  lined 
with  cartilage;  19,  ante- 
rior inferior  spine;  20, 
anterior  superior  spine. 

[Quain.] 

bone;  this  is  the  acetabulum  The  ilium  has  at  its  upper 
limit  a strong,  rough,  crescentic  border,  the  crest  of  the  ilium, 
into  which  the  strong  muscles  forming  the  abdominal  wall  are 
implanted.  The  anterior  extremity  of  this  crest  forms  a projec- 
tion called  the  anterior  superior  spine  of  the  ilium,  which  is 
taken  as  the  fixed  point  from  Avhich  measurements  of  the  lower 
limb  are  made;  it  also  gives  attachment  to  Poupart’s  ligament. 
Beneath  this  spine  is  another,  the  anterior  inferior  spine. 
The  outer  side  of  the  ilium  gives  attachment  to  the  muscles  of 
the  buttock  (gluteal),  and  the  inner  surface  forms  the  iliac 
fossa,  and  lodges  the  iliacus  muscle.  The  ischium  is  distin- 
guished by  a rough,  strong,  inferior  process,  the  tuberosity  of 
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the  ischium,  which  gives  attachment  to  the  ham-string  muscles ; 
above  this  a notch,  and,  higher  still,  a sharper,  thinner  process, 
the  spine  of  the  ischium.  From  the  tuberosity  a flattened  and 
comparatively  thin  })iece  of  bone  passes  forwards  and  upwards 
to  meet  a similar  process  descending  from  the  pubes,  the  two 
together  forming  the  ramus  of  the  ischium  and  pubes.  The  two 
pubic  bones,  as  mentioned  al)Ove,  unite  in  the  middle  line;  the 
part  l)y  which  they  join  is  called  the  symphysis  pubis.  Kunning 
outwards  from  this,  on  the  upper  edge  of  the  l)one,  is  a rough 
ridge,  the  crest  of  the  pubes,  and  this  terminates  externally  in 
a sharp  projection  of  bone,  the  spine  of  the  pubes,  which  gives 
attachment  to  the  inner  end  of  Poupart’s  ligament,  and  marks 
the  situation  of  the  external  abdominal  ring.  Between  the 
pubes  and  the  ischium  is  a triangular  or  oval  opening,  the 
obturator,  or  thyroid  foramen;  at  the  upper  part  of  this  is  a 
groove,  on  the  under  surface  of  the  pubic  bone,  in  which  lie  the 
obturator  vessels  and  nerve.  In  the  living  being  the  whole 
of  the  foramen,  with  the  exception  of  this  groove,  is  closed  by 
a membrane.  At  the  back  of  the  ilium  and  ischium  are  two 
notches,  one  above  and  the  other  below  the  spine  of  the  ischium  ; 
these  are  the  greater  and  lesser  ischiatic  notches.  They  are 
converted  into  foramina  l)y  ligaments  in  the  completed  pelvis. 

The  Pelvis. — The  pelvis  is  formed  by  the  two  innominate 
bones,  the  sacrum  and  coccyx.  Its  position  in  relation  to  the 
axis  of  the  body  is  oblitpie,  as  shown  in  the  figure  of  the  skele- 
ton at  the  end  of  the  l)ook.  The  branches  (rami)  of  the  pubic 
and  ischiatic  bones  form  an  arch,  which  is  much  wider  in  the 
female  pelvis  than  in  the  male;  beneath  this  arch  the  head  of 
the  child  passes  in  the  process  of  birth.  When  the  completed 
pelvis  is  viewed  from  behind  it  will  be  seen  that  two  strong 
ligaments  take  part  in  its  completion;  these  are  the  greater 
and  lesser  sciatic  ligaments;  they  convert  the  notches  above 
described  into  foramina,  the  upper  (greater  sciatic  foramen) 
giving  passage  to  the  gluteal  nerve  and  vessels,  sciatic  nerves 
and  vessels,  pudic  nerve  and  vessels,  and  a small  muscle,  and 
the  lower  (lesser  sciatic  foramen)  to  the  ol)turator  muscle  and 
pudic  vessels  and  nerves. 
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AVhen  the  pelvis  is  ^ iewed  from  above  it  is  seen  that  a salient 
line  serves  to  mark  the  separation  of  ilium  and  ischium  on  the 
inner  aspect,  this  is  the  ilio-pectineal  line;  the  part  below  this 
line  forms  the  true  pelvis,  the  part  above  it  the  false  pelvis; 
further,  this  line  marks  the  boundary  of  the  upper  limit  of 
the  cavity  of  the  pelvis,  and  therefore  forms  the  brim  of  the 
pelvis.  The  louder  opening  of  the  pelvis  is  called  the  outlet; 
it  is  bounded  by  the  pubic  arch  in  front,  the  tuberosity  of  the 

ischium  and  great  sciatic  liga- 
ment on  each  side,  and  the 
coccyx  behind.  The  cavity  of 
the  pelvis  is  the  space  between 
the  inlet  and  the  outlet;  it  is 
bounded  behind  by  the  sacrum, 
on  each  side  by  the  ischium  and 
sciatic  ligaments,  and  in  front 
by  the  pubic  bones.  The  spines 
of  the  ischia  project  into  the 
cavity  on  each  side,  and  cause 
the  formation  of  two  planes  or 
grooves  (one  in  front  and  an- 
other behind  each  spine),  down 
one  or  other  of  which  the  head  of  the  child  travels  in  the 
process  of  birth. 

There  are  certain  noteworthy  difierences  between  the  male 
and  female  pelvis;  the  chief  of  these  are  as  follows: — In  the 
female  the  bones  are  lighter,  the  iliac  bones  are  more  spread 
out,  so  that  the  pelvis  as  a whole  is  Avider;  the  caAuty  is  wider 
than  in  the  male,  but  not  so  deep;  the  pubic  arch  is  Avider; 
the  tuberosities  of  the  ischia  are  Avider  apart,  the  acetabula 
more  widely  separated,  the  sacrum  is  broader  and  more  curved, 
and  the  obturator  foramen  is  triangular. 

The  Femur  or  Thigh-bone. — This  is  the  longest,  heaviest, 
and  strongest  bone  in  the  body.  Like  all  long  bones  it  con- 
sists of  a shaft,  upper  extremity,  and  loAver  extremity.  The 
upper  end  is  formed  into  a rounded  head,  connected  Avith  the 
shaft  by  a pyramidal  neck.  The  head  forms  a larger  segment 


Fig.  51.— The  Pelvis. 


A,  Ilium;  B,  spine  of  ischium  seen  through 
obturator  foramen ; S,  sacrum  ; I,  sacro-iliac 
joint;  Sp,  symphysis  pubis;  O,  obturator 
foramen ; C,  the  part  of  the  pubes  crossed  by 
the  femoral  vessels,  a,  Acetabulum. 
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of  a circle  than  does  the  head  of  the  humerus,  is  more  definitely 
separated  from  the  shaft  of  the  l)one,  and  fits  more  accurately 
to  its  cavity,  the  acetabulum.  A little  l)elow  its  centre  is  a 
triangular  depression  for  the  attachment  of  the  round  liga- 
ment (ligamentum  teres).  The  point  where  the  neck  joins 
the  shaft  is  indicated  in  front  by  a rough  line  (spiral  line) 
and  behind  by  a well-marked  ridge  (inter-tro- 
chanteric ridge).  The  capsule  of  the  hip-joint 
covers  the  whole  of  the  neck  of  the  femur  in 
front,  but  only  the  inner  half  behind.  The 
upper  end  of  the  shaft  has  a rough,  strong,  pro- 
jecting process,  the  great  trochanter,  which 
gives  attachment  to  the  gluteal  and  external 
rotator  muscles.  Behind,  and  on  a lower  level, 
is  a smaller  process,  the  lesser  trochanter,  to 
which  are  attached  the  tendons  of  the  psoas 
and  iliacus  muscles.  The  shaft  of  the  bone  is 
rounded  in  front,  and  expands  as  it  passes  down- 
wards; behind  it  is  produced  into  a ridge,  the 
linea  aspera,  which  is  rendered  rough  by  the  * g 
attachment  of  the  great  muscles  which  form  the 
flesh  of  the  thigh.  The  lower  end  of  the  bone 
is  incompletely  divided  into  two  by  a deej) 
notch,  which  is  seen  at  the  back  and  below,  but 
does  not  extend  to  the  front,  the  inter-condylar 
notch.  The  two  parts  so  separated  are  called 
the  external  and  internal  condyle;  the  former 
is  the  broader  and  shorter,  the  lattei*  the  longer 
and  narrower.  In  front  of  the  lower  end  a 
l)road  grooved  surface  is  found  on  which  the  knee-cap  glides 
in  the  movements  of  the  knee-joint  (patellar  surface).  The 
condyles  are  rounded  behind,  and  are  so  shaped  as  to  be 
adapted  for  flexion  and  extension,  the  characteristic  move- 
ments of  the  knee. 

The  Patella,  or  knee-cap  (knee-pan),  is  somewhat  triangular 
in  shape,  with  a pointed  lower  end,  which  is  united  to  the  tibia 
by  a strong  ligament.  The  posterior  surface  is  smooth,  and  is 


Fig.  52.— The 
Femur. 

■I,  The  shaft;  1,  the 
head ; 2,  great  tro- 
chanter ; 3,  lesser 
trochanter;  4, 
neck;  5,  outer  con- 
dyle; 6,  inner  con- 
dyle ; 7,  patellar 
surface. 
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divided  into  facets  for  the  tAvo  condyles;  in  the  living  body 
this  surface  is  coated  with  cartilage,  and  forms  part  of  the 
knee-joint.  The  patella  has  attached  to  it  the  great  extensor 
muscles  of  the  leg,  and  may  be  regarded  as  an  ossification  in 

the  tendons  of  those  muscles. 

The  bones  of  the  leg  are  the  tibia  and  fibula. 
The  former  is  a large,  strong,  triangular  bone, 
and  is  situated  on  the  inner  side;  the  latter  is 
a small  and  feeble  bone,  placed  on  the  outer 
side.  They  are  often  spoken  of  as  the  big 
bone  and  the  little  bone  of  the 


Fig.  53. — Patella  of 
Left  Leg. 


1,  Upper  border  for  at- 
tachment of  extensor 
muscles ; 2,  outer  bor- 
der; 4,  inner  border; 
.3,  pointed  end  for 
ligamentum  patella. 


leo’ 


The  Tibia  is  very  broad 
and  strong  above,  Imt  becomes 
thinner  as  it  descends.  Its  upper  end  is  shaped 
into  two  oval  dejiressions  for  receiving  the  two 
condyles  of  the  femur.  In  front  of  the  upper 
end  (head)  is  a tubercle  (fig.  53,  d)  to  Avhich  the 
ligament  jiassing  to  the  patella  is  attached.  The 
triangular  shaft  forms  in  front  a sharp  ridge, 
the  crest  of  the  tilha ; on  the  inner  side  of  this, 
the  bone  is  uncovered  by  muscles,  and  may 
therefore  lie  felt  beneath  the  skin.  On  its 
outer  side  the  tiliia  is  connected  Avith  the  fibula 
by  an  interosseous  niem1)rane,  similar  to  that  in 
the  forearm.  The  outer  and  posterior  surfaces 
of  the  l)one  are  entirely  coA^ered  by  the  muscles 
passing  to  the  foot.  At  the  loAver  end  of  the 
bone  the  inner  side  is  marked  by  a triangular 
])rocess,  projecting  doAvnAA^ards  OA^er  the  ankle- 
joint;  this  is  the  internal  malleolus. 

The  Fibula,  the  lesser  and  outer  bone  (some- 
times erroneously  spoken  of  as  the  “ splint  ” 
bone  ”),  takes  no  part  in  the  formation  of  the  knee-joint. 
At  the  ankle-joint,  however,  it  descends  beloAv  the  level  of  the 
til)ia,  and  thus  overhangs  and  protects  the  joint;  the  project- 
iim  loAver  end  is  called  the  external  malleolus.  Behind 


Fig.  54.  — The 
Bones  of  the  Leg, 
left  side. 

1,  Tibia;  2,  fibula; 
a,  inner  tuber- 
osity; c,  outer  tu- 
berosity of  til.'ia 
and  head  of  fibu- 
la ; d,  tubercle  of 
tibia ; e,  crest  of 
tibia ; /,  internal 
malleolus;  g,  ex- 
ternal malleolus. 


or  “ splinter 
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this  process  run  the  tendons  of  the  peroneal  muscles  as  they 
pass  into  the  foot. 

The  Foot. — The  bones  of  the  foot,  like  those  of  the  hand, 


may  be  tabulated  in  the  following  way — 

Ankle  bones  or  Tarsus, 7 

Metatarsals, 5 

3 Phalanges  in  each  small  toe,  12 
2 Phalanges  in  big  toe, 2 


26 

Tarsus.— The  tarsal  bones  are  larger,  stronger,  and  more 
irregular  in  shape  than  those  of  the  hand. 

They  are  as  follows:— 

Astragalus. 

Os  Calcis.  Scaphoid. 

(Outer)  Cuboid.  Three  Cuneiform  (Inner). 

The  Astragalus  is  the  bone  which 
articulates  with  the  tibia  in  the  forma- 
tion of  the  ankle-joint.  On  the  inner 
side  it  articulates  with  the  inner  malic-  5 
olus,  on  the  outer  with  the  outer  malle-  ^ 
olus  (filmla),  l)elow  with  the  os  calcis, 
and  in  front  with  the  scaphoid. 

The  Os  Calcis  or  heel-bone  is  the 
largest  of  the  bones  of  the  tarsus;  it  is 
easily  recognized  by  the  large  process 
(posterior  tuberosity)  which  forms  the 
projection  of  the  heel,  and  gives  attach- 
ment to  the  great  tendon  of  the  calf-  Fig.  C5.-The  Foot, 

muscles,  the  tendo  Achillis.  On  its  3. 

under  side  the  os  calcis  ^ives  attachment  imi cuneiform; s.muuiiecunei- 

o form;  7,  external  cuneiform; 

to  the  muscles  of  the  sole  of  the  foot.  metatarsal  bones;  pp.pha- 

. ^ _ langes. 

The  inner  surface  is  marked  by  a smooth 

hollow  in  which  lie  the  tendons,  vessels,  and  nerves  passing 
from  the  leg  to  the  sole  of  the  foot.  By  its  anterior  extremity 
this  bone  articulates  with  the  cuboid. 

The  Scaphoid  (boat-shaped)  is  placed  immediately  in  front 
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of  the  asti‘agalus,  and  rests  on  that  bone.  In  its  turn  it  sup- 
ports the  three  cuneiform  bones. 

The  Cuneiform  bones  are  so  named  because  each  is  shaped 
like  a wedge.  The  two  outer  have  the  base  of  the  wedge 
directed  upwards  and  the  apex  downwards,  but  the  internal 
cuneiform  has  the  base  downwards  and  apex  upwards.  They 
support  the  three  inner 
metatarsal  bones,  and  are 
the  chief  means  by  which 
the  transverse  arch  of  the 
foot  is  maintained. 

The  Cuboid  bone 


Fig.  56.— The  Foot,  from  the  side. 


A,  Tibia;  B,  astragalus ; C,  oscalcis;  D,  scaphoid;  E,  internal  cuneiform ; 
F,  metatarsal  bone  of  great  toe;  G,  II,  phalanges  of  great  toe. 


(irregularly  cubical)  is  placed  on  the  outer  edge  of  the  foot,  be- 
tween the  os  calcis  and  the  metatarsus.  It  is  grooved  on  its 
outer  edge  and  under  surface  for  the  tendon  of  the  peroneus 
longus  muscle,  and  it  supports  the  two  outer  metatarsal  bones. 

The  Metatarsal  bones  are  longer  and  more  slender  than  the 
metacarpal;  the  bone  of  the  big  toe  is  much  thicker  than 
either  of  the  others,  but  it  cannot  be  moved  awav  from  its 
fellows  as  the  corresponding  lione  of  the  thumb  can.  The 
bone  of  the  little  toe  has  at  its  base  a large  triangular  pro- 
jection or  tuberosity,  which  has  attached  to  it  the  peroneus 
longus  and  tertius  muscles. 

The  Phalanges  of  the  foot  are  very  small  and  insignificant 
as  compared  with  those  of  the  hand;  the  middle  phalanx  is 
the  smallest,  and  is  generally  as  broad  as  it  is  long.  The  two 
])halanges  of  the  big  toe  are  both  large,  and  the  terminal  one 
has  a verv  marked  crest  for  the  toe  nail. 

4/ 


ARTHROLOGY. 


I I THE  DESCKIPTTON  OF  THE  JOINTS. 

A joint  or  articulation  is  the  union  of  two  bones  by 
i means  of  some  intervening  substance  or  tissue.  Alien  the 
S connection  takes  place  only  by  a small  (juantity  of  con- 

0 nective  tissue  the  union  is  so  close  that  movement  is  impos- 
( silile,  and  then  we  have  a fixed  joint,  called  synarthrosis. 

: At  other  times  the  bones  are  united  by  a layer  of  fibro- 
j cartilage  sufficiently  thick  and  elastic  to  allow  of  a limited 
‘ movement  between  any  two  bones,  but  giving  to  a series 

■ of  such  articulations  much  freedom;  this  form  is  known  as 
a yielding-joint  or  amphi-arthrosis.  In  all  the  joints  of  the 

L limbs,  however,  there  is  a cavity  interposed  between  the  ends 
of  the  bones,  and  the  latter  are  kept  together  by  ligaments 
[ which  close  in  the  cavity  and  form  a shut  sac.  This  is  a 
( complete  or  perfect  joint;  it  allows  of  much  freedom  of 

1 movement,  and  is  called  a diarthrosis. 

The  structures  which  assist  in  the  formation  of  a joint  are 
: bone,  cartilage  or  gristle,  areolar  tissue,  adipose  tissue,  elastic 
i tissue,  fibrous  tissue,  synovial  membrane.  Besides  these,  the 
j muscles  also  contribute  to  maintain  the  joint  surfaces  in  their 
I proper  relation  to  each  other,  and  bursal  sacs  ensure  due 
and  smooth  movement.  Another  essential  to  the  due  action 
i of  the  joints  is  the  pressure  of  atmospheric  air,  and  this  is 
I sufficient  to  keep  the  articular  surfaces  in  contact  even  after 
all  the  muscles  are  removed. 

The  ligaments  connecting  the  bones  together  are,  for 
I the  most  part,  formed  of  strong  bands  of  white  fil)rous  tissue; 
: in  those  joints  which  possess  the  freest  movements  they  are 

■ arranged  all  round  the  joint  so  as  to  completely  enclose  the 

■ articular  surfaces;  these  are  called  capsular  ligaments.  In 
' some  cases  the  ligaments  are  in  the  interior  of  the  joint  as 
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M^ell  as  on  the  exterior;  this  is  the  case  with  the  crucial  liga- 
ments of  the  knee,  and  the  round  ligament  of  the  hip.  ^ 

The  fixed  or  synarthrodial  joints  include  all  the  articulations 
of  the  bones  of  the  skull  and  face  excepting  those  of  the  lower 
jaw.  In  the  tabular  bones  of  the  skull  the  union  takes  place 
by  the  edges  of  the  bone  being  made  rough  and  irregular,  the 
projection  of  one  bone  fitting  into  a corresponding  hollow  in 
the  other  (suture).  The  arrangement  is  similar  to  what  is 
called  “dovetailing”  in  cabinet-making;  and  the  irregularities 
are  often  more  fantastic  and  wonderful  than  anything  the  art 
of  man  can  produce. 

The  amphi-arthrodial  joints  are  limited  to  the  axial  skele-  ji 
ton,  and  are  seen  in  the  union  of  the  bodies  of  the  vertebrae  h 
l)y  the  intervertel)ral  substance,  the  union  of  the  sacrum  and  J 
coccyx,  of  the  pieces  of  the  sternum,  of  the  two  pubic  bones,  3 
and  of  the  sacrum  vuth  the  innominate  bones.  rj 

Movable  or  diarthrodial  joints  are,  for  the  most  part,  situ- 
ated  in  the  limits;  under  this  head  are  included  the  whole  of  •; 
the  joints  familiar  to  people  generally.  Such  as  the  shoulder, 
elbow,  wrist,  hip,  knee,  ankle,  &c.  These  joints  may  be  U 
divided  into  four  classes. 

1.  Ball-and-socket  (enartlirodial).  i 

2.  Hinge  (giiiglynms).  ^ 

3.  Pivot  (trochoidal).  j 

4.  Gliding  (arthrodial).  \ 

Ball-and-socket  Joints. — In  these  the  end  of  one  bone  forms  I 
a rounded  head  which  is  received  into  a corresponding  socket  j" 
on  the  other  bone.  Such  joints  permit  of  free  motion  in  r 
almost  every  direction,  but  they  are  the  most  liable  of  all 
joints  to  become  dislocated.  The  two  characteristic  joints  of  J 
this  kind  are  the  shoulder  and  hip;  the  former  of  these  has  m 
the  most  freedom  of  movement,  in  consequence  of  the  glenoid  q 
cavity  not  limiting  the  rotation  of  the  head  of  the  humerus.  ; 

Hinge  Joints.  — In  these  the  articular  surfaces  fit  very 
accurately,  and  permit  of  movement  only  in  one  direc- 
tion. The  lateral  ligaments  are  very  strong,  and  dislocations 
are  uncommon.  Examples  of  this  form  are  the  elbow,  ankle. 
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f knee,  wrist,  and  the  joints  l)etween  the  phalanges  of  the  fingers 
1 and  toes. 

Pivot  Joints. — There  are  only  two  examples  of  this  form  of 
( joint  in  the  human  hody,  viz.  (1)  the  articulation  of  the  atlas 
I and  axis,  where  the  ring  of  the  former  turns  on  the  pivot  formed 

I .by  the  odontoid  process  of  the  latter,  and  (2)  the  upper  joint 
l)etween  the  radius  and  ulna,  where  the  radius  turns  round  in 
j the  ring  formed  by  the  orbicular  ligament  embracing  its  head 
1 and  neck. 

Gliding  Joints. — These  permit  of  a slight  gliding  move- 
o ment  of  one  bone  on  another.  Such  joints  are  those  of  the 
[ bones  of  the  tarsus  and  carpus,  the  joints  l)etween  the  collar- 
: l)one  and  the  breast-bone  or  blade-bone,  and  those  of  the  articular 
1 processes  of  the  vertebra3. 

i Movements  of  Joints. — The  chief  movements  are  the  following : 

1.  Angular  movements,  by  which  the  two  parts  of  a limb 
i form  an  angle  with  each  other,  or  by  which  such  angle  is 
: abolished.  Movement  which  results  in  the  limb  being  doubled 
j up  is  called  flexion;  that  which  causes  it  to  be  straightened 
5 out  is  called  extension.  Abduction  is  the  movement  l)y  which 
t the  limb  is  carried  away  from  the  middle  line  of  the  body,  or 
j the  fingers  or  toes  from  the  middle  line  of  the  hand  or  foot, 
i Adduction  is  the  reverse  of  this,  the  limb  being  drawn  towards 
\ the  middle  line  of  the  body,  or  of  the  hand  or  foot. 

; 2.  Gliding  is  the  sliding  to  and  fro  of  one  articular  surface 

I on  another,  and  exists  to  a greater  or  less  extent  in  all  joints; 
I it  is  the  only  motion  permitted  in  arthrodial  joints,  such  as 
I those  between  the  bones  of  the  carpus  or  tarsus, 
i 3.  Coaptation  is  the  name  given  to  the  movement  when 
1 different  parts  of  a joint  surface  are  used  in  succession,  for 
I the  purpose  of  movement.  This  is  seen  in  the  movement  of 
I the  knee-pan  on  the  lower  end  of  the  thigh-bone. 

4.  Circumduction  takes  place  in  the  ball-and-socket  joints 
when  the  limb  describes  a cone,  with  the  aj)ex  at  the  joint  and 
I the  base  at  the  end  of  the  limb;  such  is  the  case  when  the  arm 
is  made  to  describe  a circle. 

5.  Rotation  is  when  the  bone  moves  on  its  own  axis. 
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In  the  forearm  there  is  a form  of  movement  which  does  not 
strictly  come  under  either  of  these  heads.  In  this  movement 
the  upper  end  of  the  radius  rotates  on  its  own  axis  in  the  ring 
of  the  orbicular  ligament,  but  the  lower  end  rotates  on  an 
axial  line  passing  through  the  middle  of  the  lower  end  of 
the  ulna;  the  result  is  that  the  lower  end  of  the  radius  passes 
across  the  front  of  the  ulna  while  the  upper  end  does  not. 
When  the  hand  moves  inwards,  so  that  the  palm  comes  to 
be  directed  downwards  (or  backwards),  the  motion  is  called 
pronation;  when  it  moves  outwards,  so  that  the  palm  comes 
to  be  directed  upwards  (or  forwards),  the  act  is  called  supina- 
tion. 

Hinge-joints  have  as  a rule  only  the  power  of  flexion  and 
extension,  ball-and-socket  joints  possess  movement  in  all 
directions. 

LIGAMENTS  OF  THE  VERTEBRAL  COLUMN. 

Lig’aments  of  the  Bodies  of  the  Vertebrae.  — The 

l)odies  of  the  vertebrae  are  united  by  three  connections:  the 

intervertebral  discs, 
the  anterior  common 
ligament,  the  poste- 
rior common  liga- 
ment. The  interver- 
tebral discs  are  thick 
pieces  of  fibro-carti- 
lage  accurately  fitting 
the  opposed  surfaces 
of  the  bodies  of  the 
vertebrae,  and  firmly  uniting  them.  They  are  dense  externally, 
but  soft  and  pulpy  in  the  centre;  they  are  thickest  in  the 
lumbar  region,  and  are  deeper  in  front  than  behind  in  the 
cervical  and  lumbar  regions.  They  take  part  in  the  produc- 
tion of  the  spinal  curves,  and  it  has  been  calculated  that 
they  form  about  one-fourth  of  the  length  of  the  vertebral 
column,  exclusive  of  the  sacrum  and  coccyx.  The  anterior  and 


Fig.  57. — Ligaments 
of  the  Bodies  of  the 
Vertebrm  and  Heads 
of  the  Bibs. 

1,  Anterior  common 
ligament;  2,  ligament 
between  the  verte- 
bral body  and  head 
of  rib ; 3,  ligament 
between  transverse 
process  and  tubercle 
of  rib ; 4,  inter-articu- 
lar ligament.  [Wil- 
son.] 
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1 posterior  common  ligaments  are  strong  l)ands  of  white  fibrous 
\ tissue  passing  down  the  front  and  l)ack  of  the  vertebral  bodies 
. and  intervertebral  discs,  and  firmly  connected  Avith  them,  giving 
: additional  strength,  and  limiting  motion. 

Ligaments  of  the  Laminae. — The  arches  or  laminae  of 
: I the  vertebrae  are  connected  by  thin  layers  of  ligament  formed 
1.  almost  exclusively  of  yellow  elastic  tissue  (ligamenta  subflavay 
■ They  assist  in  the  maintenance  of  the  erect  posture,  and  so 
i limit  the  expenditure  of  muscular  force,  and  at  the  same  time 
) permit,  by  their  elasticity,  of  the  body  being  flexed. 

► The  Articular  Processes  of  the  vertebrae  are  enclosed  by 


Fig.  58.— Articulation 
between  Odontoid  Pro- 
cess of  Axis  and  A tlas. 

1,  Anterior  tubercle  of 
atlas ; 2,  anterior 

synovial  cavity ; 3, 
transverse  ligament ; 
4,  4,  articular  facets 
for  articulation  with 
occipital ; 5,  odontoid 
process;  6,  posterior 
arch ; 7,  vertebral 

canal;  8,  check  liga- 
ment ; 9,  vertical 

slip  of  transverse 
ligament. 


i ligaments  which  form  a complete  capsule,  lined  by  a synovial 
1 membrane. 

The  Spinous  Processes  have  thin  membranes  connecting 
[ them  together,  and  a long  band  of  considerable  thickness  runs 
along  the  tips  of  the  spines  from  the  last  cervical  vertebra  to 
[ the  coccyx  (inter-spinous  and  supra-spinous  ligaments). 

The  Occipital  bone.  Atlas,  and  Axis  are  connected  by  a 
[ special  series  of  ligaments,  of  which  the  most  important  are  a 
[ transverse  band  crossing  the  ring  of  the  atlas  to  keep  the  odon- 
» toid  process  in  place  (transverse  ligament),  and  check  liga- 
1 ments  which  pass  from  that  process  to  the  occipital  bone  and 
1 limit  the  rotation  of  the  head.  The  upward  and  dowiiAvard,  or 
j nodding  movements  of  the  head,  take  place  betAveen  the  atlas 
and  occipital,  the  side-to-side  or  rotation  movements  betAveen 
I the  atlas  and  axis. 
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ARTICULATIONS  OF  THE  SKULL. 

The  whole  of  the  articulations  of  the  skull,  excepting  that 
of  the  lower  jaw  with  the  temporal  bone,  are  examples  of  syn- 
arthrosis or  hxecl  articulation.  This  form  of  connection  in  the 
skull  is  called  a suture,  and  different  varieties  are  described, 
such  as  the  serrated  suture,  where  the  edges  are  much  serrated; 
the  limhous  suture,  in  which  overlapping  is  the  prominent 
feature;  and  the  harmonic  suture,  where  the  union  is  obtained 
by  the  accurate  fitting  of  minute  irregularities.  In  all  sutures 

there  is  a small  quantity  of  connec- 
tive tissue  between  the  l3ones,  but 
their  security  depends  less  upon 
this  than  on  the  fitting  of  the  edges 
of  the  bone. 

The  chief  sutures  of  the  skull 
are  as  follows: — 

The  Coronal  suture  crosses  the 
front  part  of  the  head,  and  unites 
the  frontal  bone  with  the  anterior 
margin  of  the  two  parietal  bones. 

The  Sagittal  suture  runs  in  the 
middle  line  of  the  vertex,  between 
the  two  parietal  bones, 
on  each  side  is  formed  by  the 
squamous  part  of  the  temporal  bone  overlapping  the  lower 
edge  of  the  parietal. 

The  Lambdoidal  (like  the  Greek  letter  lambda)  suture 
crosses  the  back  of  the  head,  and  connects  the  occipital  and 
the  back  part  of  the  two  parietal  bones. 

The  Transverse  suture  crosses  the  upper  part  of  the  face 
at  the  level  of  the  orbits,  and  marks  the  line  of  union  of  the 
bones  of  the  face  and  those  of  the  cranium. 

Numerous  other  sutures  connect  the  bones  of  the  skull  and 
the  bones  of  the  face,  but  they  are  not  of  sufficient  importance 
to  justify  a fuller  description  here. 

Joint  of  the  Lower  Jaw. — This  is  the  joint  between  the 


Fig.  69. — Articulation  of  Lower  Jaw. 


1,  Glenoid  cavity;  2,  articular  eminence ; 
3,  fihro-cartilage;  4 and  5,  synovial  cavi- 
ties; 6,  the  fibro-cartilage  removed  from 
the  joint.  [Wilson.J 

The  Squamous  suture 
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condyle  of  the  lower  jaw  and  the  glenoid  cavity  of  the  tem- 
poral bone.  The  joint-cavities  are  enclosed  by  a capsular 
ligament,  the  outer  fibres  of  which  are  thick  and  strong,  and 
often  described  separately  as  the  external  lateral  ligament. 
In  the  middle  of  the  joint  is  a thick  pad  of  flbro-cartilage, 
dividing  it  into  two  cavities  each  lined  by  a synovial  membrane. 
When  the  mouth  is  opened,  both  the  condyle  and  the  fibro- 
cartilage  travel  forward  on  the  articular  eminence  of  the 
temporal  bone,  and  again  glide  back  when  the  mouth  is  shut. 
Side-to-side  movement  also  takes  place  in  the  same  way. 


LIGAMENTS  OF  THE  EIBS,  AND  OF  THE  PELVIS. 

Union  of  the  Ribs  and  Vertebrae. — The  ribs  are  united 
to  the  bodies  of  the  vertebrae  and  also  to  the  transverse  pro- 
cesses, excepting  the  last  two,  which,  being  fioating  ribs,  have 
no  connection  with  the  transverse  processes.  As  a rule,  the 
head  of  each  rib  is  connected  with  two  vertebra3  (fig.  57)  and 
with  the  intervertebral  substance  between  them,  and  there 
are  two  synovial  cavities.  The  tubercle  of  the  rib  rests  on 
the  tip  of  the  transverse  process  of  the  lower  of  the  two  verte- 
brae and  is  connected  with  it  by  strong  ligamentous  bands, 
some  of  them  forming  a capsule  and  enclosing  a synovial 
membrane. 

The  Costal  Cartilages  are  joined  to  the  breast-bone  by 
numerous  bands  in  front  and  behind,  and  similar  bands  unite 
the  several  pieces  of  the  sternum  itself. 

Ligaments  of  the  Pelvis.  — The  innominate  bone  is 
united  to  the  side  of  the  sacrum  by  a joint  known  as  the 
sacro-iliac  synchondrosis.  In  large  part  this  union  takes 
place  by  means  of  a plate  of  cartilage  placed  between  the  two 
bones,  but  there  are  also  in  front  scattered  fibrous  bands,  and 
behind  very  strong  and  thick  ligaments  uniting  them. 

Between  the  sacrum  and  ischium  are  two  thick,  strong,  and 
large  ligamentous  bands,  the  greater  and  lesser  sacro-sciatic 
ligaments.  The  greater,  placed  behind  the  lesser,  stretches 
across  from  the  side  of  the  coccyx,  sacrum,  and  back  of  ilium 

( M 24  ) 
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to  the  back  edge  of  the  tuberosity  of  the  ischium.  The  lesser 
ligament  runs  from  the  side  of  the  sacrum  to  the  tip  of  the 
spine  of  the  ischium.  These  two  ligaments  convert  the  notches 
at  the  back  of  the  innominate  bone  into  two  holes,  the  greater 
and  lesser  ischiatic  foramina. 

The  pubic  bones  are  joined  together  by  ligamentous  bands, 
an  interosseous  fibro-cartilage  being  interposed. 

The  obturator  foramen  is  filled  up  by  a thin  but  strong 


Fig.  60. — Ligaments 
of  the  Pelvis  and  Hip- 
joint. 

1,  Posterior  sacro-iliac 
ligament ; 2,  great 
sacro  - sciatic  liga- 
ment ; 3,  posterior 
sacro-iliac  ligament; 
4,  lesser  sacro-sciatic 
ligament;  5, the  same, 
exposed  by  the  re- 
moval of  the  greater 
ligament;  6,  back  of 
capsule  of  hip-joint: 
7,  sacro  - coccygeal 
ligament.  [Heath.] 


membrane,  excepting  at  the  upper  part,  where  the  vessels  and 
nerve  pass  through. 

LIGAMENTS  OF  THE  UPPER  LIMB. 

Joint  between  the  Collar-bone  and  Breast-bone.— 

This  is  called  the  sterno-clavicular  articulation.  The  joint  is 
a double  one,  there  being  two  synovial  cavities  separated  by  an 
interarticular  fibro-cartilage.  The  ligamentous  bands  form  a 
capsule,  thickest  in  front  and  above,  thinner  behind,  and  very 
short  below.  An  important  band  also  connects  the  inner  ends 
of  the  two  collar-bones.  Movement  takes  place  forwards,  back- 
wards, upwards,  and  dowiiv^ards,  and  there  is  also  circum- 
duction. 
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The  outer  end  of  tlie  colhir-l)one  is  connected  with  the  acro- 
mion process  of  the  lilade-bone  in  much  the  same  way,  there 
lieing  two  synovial  meml)ranes  enclosed  by  a capsule,  and  often 
an  interarticular  fibro-cartilage. 

Movements  of  the  Scapula. — The  scapula  has  a considerable 
degree  of  mobility,  the  movement  taking  place  in  forward,  back- 
ward, upward,  and  downward  directions.  It  is  unable  to  move 
away  from  the  chest  wall,  lieing  held  down  by  muscles.  The 
freedom  of  movement  of  the  scapula  adds  greatly  to  tlie  play  of 
the  arm,  so  that  even  when  the 
^ shoulder-joint  is  stiff  the  arm 
is  still  able  to  move, 
i Shoulder-joint.— This  is 
! the.  most  perfect  ball-and- 
socket  joint  in  the  l)ody,  and 
enjoys  greater  freedom  of 
movement  than  any  other 
; joint.  On  1 winging  the  head 
I of  the  humerus  and  the 
1 glenoid  cavity  of  the  scapula 
f together,  it  will  be  noticed 
I that  the  cavity  is  much  too 
! small  for  the  head ; this  defect 
i is  to  some  extent  ol)viated  l)y 
I the  glenoid  cavity  being  surrounded  l)y  a band  of  fi1)ro-cartilage 

) (glenoid  ligament),  which  at  tlie  same  time  enlarges  and 

) deepens  the  cavity.  Notwithstanding  this,  however,  the  head 

£ still  remains  large  in  proportion  to  the  cavity,  and  this  accounts 

i for  the  very  free  movement  the  joint  possesses,  and  also  for 

i its  liability  to  become  dislocated. 

The  chief  ligament  of  the  joint  is  the  capsular  ligament, 
1 which  entirely  surrounds  the  articular  surfaces  and  forms  a 

? shut  sac.  The  fibres  of  the  capsule  are  long  and  loose,  so 

d that  they  are  not  effective  in  keeping  the  articular  surfaces 

i:  in  contact;  that  is  performed  by  the  external  pressure  of 

i atmospheric  air,  but  for  this  to  be  possible  the  capsule  must  he 

I intact.  The  capsule  also  serves  to  support  the  synovial  mem- 


Fig.  ()l.— Section  through  Shoulder-joint. 


1,  Clavicle;  2,  acromion;  3,  glenoid  cavity;  4, 
glenoid  ligament;  5,  capsule;  (J,  synovial  mem- 
hrajie  on  biceps  tendon;  7,  tendon  of  biceps. 
I ^Vilson.] 
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brane  which  lines  it,  and  it  limits  the  movements  of  the  joint 
in  the  several  directions. 


The  synovial  membrane  is  extensive,  and  generally  com- 
municates with  one  or  more  bursal  sacs  placed  beneath  the 
muscles. 

Several  muscles  are  in  direct  contact  with  the  capsule  and 
give  it  very  necessary  support,  one  of  them  (the  subscapu- 
laris)  actually  takes  the  place  of  the  capsule;  the  long  tendon 
of  the  biceps  goes  through  the  upper  part  of  the  joint,  to  be 
attached  to  the  upper  edge  of  the  glenoid  cavity  and  to  the 
glenoid  ligament. 

Movements. — The  shoulder-joint  has  eveiy  variety  of  move- 
ment ; namely,  movement  forwards  and  backwards,  abduction. 


adduction,  rotation,  and  circumduction. 

Elbow-joint. — This  is  one  of  the  best  examples  of  a gin- 
glymus  or  hinge-joint.  The  bones  taking  part  in  its  formation 

are  the  lower  end  of 
the  humerus,  the  sig- 
moid cavity  of  the 
ulna,  and  the  cup- 
shaped depression  at 
the  upper  end  of  the 
radius. 

The  chief  ligaments 

Fig.  62. — 1,  Internal  condyle  of  humenis ; 2,  anterior  liftament;  are  tV  O StrOllg  aild 

3,  internal  lateral  ligament ; 4,  iuteros-eous  membrane ; 5,  IqFovqI  lireo 

olecranon ; 6,  ulna.  LHeatli.]  SllOl  L IclieicU  llgd- 

ments,  MTich,  unlike 
those  of  the  shoulder,  do  actually  keep  the  joint-surfaces  in 
contact  as  well  as  limit  the  movements;  these  are  called  the 
external  and  internal  lateral  ligaments.  There  are  also  verv 
loose  anterior  and  posterior  ligaments,  which  serve  to  make 
the  joint-cavity  a closed  sac,  and  limit  the  movements,  the 
former  limiting  extension  and  the  latter  flexion. 

In  front  of  the  joint  is  the  coronoid  process  of  the  ulna,  and 
behind  it  the  olecranon,  and  these  serve  to  limit  movement,  if 
the  anterior  and  posterior  ligaments  are  insufficient;  the  coro- 
noid then  limits  flexion  and  the  olecranon  extension. 
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Fig.  63.  — 
Upper  End  of 
Ulna,  to  shew 
OrliicuLir  Liga- 
ment. 


The  synovial  cavity  is  extensive,  and  not  only  lies  between 
the  humerus  and  bones  of  the  forearm,  but  also  serves  for  the 
upper  articulation  betAveen  the  radius  and  ulna. 

Movements. — Flexion  and  extension. 

Connections  between  the  Radius  and  Ulna.— There 
are  three  connections  betAveen  these  bones;  namely,  upper, 
middle,  and  loAver. 

The  upper  connection  consists  of  the  orbicular  ligament,  a 
firm  band  Avhich  is  attached  to  the  outer  side  of  the  ulna,  and 
forms  a ring  in  Avhich  the  head  _ 

of  the  radius  rotates. 

The  middle  connection  is  a 
membrane,  the  interosseous 
membrane,  passing  from  the 
inner  edge  of  the  radius  to  the 
outer  edge  of  the  ulna.  It 
forms  a long  hinge,  by  means 
of  Avhich  the  radius  moves  upon 
the  ulna ; it  also  serves  to 
separate  the  muscles  on  the 
front  from  those  on  the  back 
of  the  forearm,  and  to  giA^e  at- 
tachment to  those  muscles. 

The  lower  attachment  is  in  the  form  of  strong  but  rather 
loose  bands,  connecting  the  loAver  end  of  the  radius  and  ulna. 

Movements. — The  movements  lietAveen  these  bones  luiA^e 
been  already  described  (p.  62),  and  consist  of  pronation  and 
supination.  In  both  the  radius  moves  upon  the  ulna,  but  the 
loAver  end  of  the  latter  bone  also  moA^es  (though  in  a A^ery 
slight  degree)  in  a direction  opposite  to  the  movement  of  the 
radius. 

Wrist-joint  . — The  joint  betAveen  the  bones  of  the  forearm 
and  the  first  roAv  of  bones  of  the  Avrist  is  a modification  of  the 
ginglymus  or  hinge-joint.  The  ligaments  are  anterior,  posterior, 
and  tAvo  lateral.  The  moA'^ements  consist  of  flexion,  extension, 
abduction,  adduction,  and  a combination  of  these  resulting  in 
a spurious  circumduction. 


1,  Olecriiimn ; 
2,  conmoid 
process;  3,  or- 
bicular liga- 
ment which 
surrounds  the 
neck  of  the 
radius.  [AA’il- 
sou.] 
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Between  the  bones  of  the  wrist  (carpal  bones)  the  joints  are 
arthrodial  or  gliding  joints;  the  ligaments  are  very  numerous 
and  complicated,  and  include,  in  addition  to  bands  of  fibres  on 
the  front  and  back  and  at  the  sides  of  the  hand,  very  strong 
and  short  interosseous  ligaments  placed  between  the  bones. 
The  synovial  cavities  are  numerous  and  complicated,  and 
the  mechanism  is  such  that  anatomists  have  entered  into  in- 
terminalde  discussions  thereon,  without  arriving  at  any 
agreement.  It  may,  however,  Ije  ])ointed  out  that  the  capacity 

of  the  hand  for  grasping 
small  objects  depends  on 
its  being  formed  of  many 
small  bones,  which  are 
capable  of  changing  their 
position  in  relation  to  each 
other. 

The  joints  between  the 
metacarpal  bones  and 
phalanges  are  noteworthy, 
because  of  a peculiar  effect 
which  the  shape  of  the 
articular  surfaces  has  in 
limiting  the  movements. 
It  is  a familiar  fact  that 
while  the  fingers  can  be  easily  separated  from  each  other 
(or  abducted)  when  the  hand  is  extended,  they  cannot  be  so 
separated  when  the  hand  is  flexed.  The  explanation  of  this 
fact  is  as  follows.  The  heads  of  the  metacarpal  bones 
(familiarly  known  as  the  hnucUes)  have  a larger  measurement 
from  before  backwards  than  from  above  downwards.  It 
happens,  therefore,  that  when  the  fingers  are  straight  the 
lateral  ligaments  are  loose,  and  lateral  movement  can  conse- 
quently take  place;  but  when  the  hand  is  bent  the  phalanx  is 
carried  forwards  into  the  long  diameter  of  the  knuckle,  the 
lateral  ligaments  become  tight,  and  lateral  movement  is 
impossible  [Cl eland). 

The  articulations  between  the  phalanges  of  the  fingers  are 


Fig.  (>4.— .Vrticuliitioii  of  I’lialaiiges. 

A,  Tiie  articulation  and  its  lateral  ligament;  u,  head  of 
the  metacarpal  bone,  a.  Lateral  ligament  when  the 
joint  is  extended;  h,  the  same  ligament  when  the 
joint  is  flexed ; c,  tubercle  to  which  the  lateral  liga- 
ment is  attached.  [Clelaud.] 
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true  ginglymus  or  hinge- joints,  enjoying  only  flexion  and  ex- 
tension, and  not  permitting  of  the  slightest  amount  of  lateral 
motion.  Their  ligaments  are  two  strong  bands  of  lateral  fibres 
(lateral  ligaments),  a fibro-cartilaginous  anterior  ligament  and 
no  posterior  ligament,  the  place  of  the  latter  being  taken  by 
the  extensor  tendon  of  the  fingers. 


LIGAMENTS  OF  THE  LOWER  LIMB.  • 

Hip-joint  . — This  joint  closely  resembles  the  shoulder,  and, 
like  it,  is  a ball-and-socket  joint.  The  difference  betAveen  them 
consists  (1)  in  the  acetabulum  being  deeper  and  more  accu- 
rately fitted  to  the  head  of  the  bone,  so  that  the  cavity  encloses 
a little  more  than  half  the  head : (2)  in  there  being  a ligament 
in  the  interior  of  fhe  hip-joint  (the  ligamentum  teres),  which 
is  wanting  in  the  shoulder;  and  (3)  in  the  large  muscular  pro- 
cess, the  great  trochanter,  considerably  limiting  the  range  of 
movement  of  the  hip  as  compared  with  the  shoulder. 

Deep  as  the  cavity  of  the  acetabulum  is  in  the  bone  itself, 
it  is  still  further  deepened  by  a ring  of  fibro-cartilage  which 
runs  round  it,  and  is  called  the  cotyloid  ligament. 

The  chief  ligament  is  the  capsular  ligament,  which  is  at- 
tached above  to  a little  outside  the  rim  of  the  acetabulum,  and 
below  passes  on  to  the  neck  of  the  thigh-bone.  In  front  the 
capsule  covers  the  whole  neck  of  the  femur;  but  behind  it  is 
limited  to  the  half  next  the  head,  the  rest  of  it  being  un- 
covered. When  the  neck  of  the  bone  gets  broken  close  up  to 
the  head,  the  fracture  is  entirely  wdthin  the  capsule,  and  the 
injury  is  described  as  an  intra-capsular  fracture. 

The  ligamentum  teres  (round  ligament)  is  situated  in  the 
interior  of  the  joint,  and  is  attached  by  one  end  to  the  little 
depression  on  the  head  of  the  femur*,  and  by  the  other  to  the 
inner  side  of  the  acetabulum. 

Many  muscles  lie  in  contact  with  the  capsule,  and  are  conse- 
quently denominated  capsular  muscles  They  give  support  to 
the  joint,  and  ensure  the  joint  surfaces  being  kept  in  their 
proper  relation  to  each  other. 
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Several  large  bursae  are  situated  around  the  hip-joint,  and 
one  of  these  lying  between  the  tendon  of  the  ilio-psoas  muscle 
and  the  capsule  often  communicates  with  the  cavity  of  the  joint. 

The  synovial  cavity  is  large,  and  the  synovial  membrane 
forms  a tube  round  the  ligamentum  teres. 

The  movements  of  the  joint  are  flexion,  extension,  abduc- 
tion, adduction,  circumduction,  and  rotation. 

Knee-joint. — The  knee  is  the  largest  joint  in  the  body.  It 
is  a ginglymus  or  hinge-joint,  and  comprises  the  articulation  of 

the  tibia  with  the  femur  and 
of  the  patella  or  knee-cap 
Avith  the  femur. 

In  front  the  joint  is 
covered  by  the  patella,  the 
ligament  which  attaches  that 
bone  to  the  tibia,  and  the 
expanded  tendons  of  inser- 
tion of  the  quadriceps  exten- 
sor muscle,  as  Avell  as  by 
some  accessory  fibres  often 
described  as  the  capsular 
ligament.  Behind,  it  has  a 
broad  expansion  of  ligamen- 
tous fibres  forming  the  pos- 
terior ligament,  derived  mainly  from  the  tendon  of  the  semi- 
membranosus muscle,  but  in  part  also  from  the  origins  of  the 
gastrocnemius.  On  each  side  is  a strong  lateral  ligament,  the 
inner  one  being  spread  out  and  large,  the  outer  cord-like  and 
much  smaller.  The  inner  is  in  direct  contact  with  the  syno- 
vial membrane  lining  the  joint;  the  outer  is  not  so. 

When  the  joint  is  laid  open  it  is  found  that  the  strongest 
ligaments  are  in  the  interior.  These  are  found  as  tivo  strong 
bands  situated  in  the  notch  at  the  back  of  the  lower  end  of  the 
femur,  and  connected  below  with  the  rough  surface  at  the 
upper  end  of  the  tibia.  From  the  fact  that  they  cross  each 
other  in  passing  to  their  destination,  they  are  called  the  crucial 
ligaments. 


Fig.  63.— Sec- 
tion through 

Knee-joint. 

1,  Femur;  2, 
tendon  of  ex- 
tensor mu.s- 
cle;  3,  patella; 
4,  ligameii- 
tuin  patellae ; 
■5,  tibia ; (i, 

bur.sa ; 7,  pad 
of  fat ; 8,  syn- 
ovial pouch ; 
9, 10,  synovial 
fringes;  11, 
anterior  cru- 
cial liga- 
ment. 12,  Pos- 
terior liga- 
ment. [Wil- 
son. 1 
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Lying  on  the  upper  surface  of  the  tilha  ai’C  two  l)ands  of 
fibro-cartilage  (the  semilunar  cartilages),  each  of  wliich  is 
thick  at  the  outer  edge  and  very  thin  at  the  inner.  They  are 
attached  by  their  ends  to  the  rough  middle  part  of  the  upper 
end  of  the  tibia,  close  to  the  crucial  ligaments;  the  outer 
encloses  a circular  area,  and  the  inner  an  oval  one.  The  carti- 
lages are  also  connected  Avith  the  outer  edge  of  the  articular 
area  of  the  tibia  by  fibrous  bands,  in  such  a Avay  as  to  admit  of 
their  sliding  to  a limited 
degree  baclvAvards  and 
forAvards.  In  this  Avay 
they  form  a sliding  or 
shifting  socket,  on  Avhich 
the  condyles  of  the  femur 
move  in  the  flexion  and 
extension  of  the  joint. 

The  patella  is  coated 
on  its  back  surface  bv 

t/ 

cartilage,  and  forms  part 
of  the  front  Avail  of  the 
cavity  of  the  joint.  When 
the  leg  is  extended  or 
flexed  it  slides  on  the  loAver  end  of  the  femur,  being  draAvn  up 
by  the  quadriceps  muscle  Avhich  is  inserted  into  it. 

The  synovial  membrane  of  the  knee  is  the  most  extensive 
in  the  body.  It  passes  upAvards  beneath  the  exterior  muscles 
to  a point  fully  two  a half  inches  aboAm  the  upper  margin  of 
the  patella  Avdien  the  leg  is  extended.  It  encloses  and  sur- 
rounds the  crucial  ligaments,  and  lines  the  other  ligaments  of 
the  joint,  excepting  the  external  lateral.  Just  l)eneath  the 
patella  there  is  situated  a large  pad  of  fat,  coA^ered  by  synovial 
membrane;  this  serves  in  certain  positions  of  the  joint  to  fill 
up  the  holloAv  at  the  lower  end  of  the  femur,  and  it  is  con- 
nected Avith  that  notch  by  a considerable  synovial  fold,  Avhich 
sometimes  becomes  of  surgical  interest  from  its  being  torn  or 
displaced. 


Fig.  (’)().— Knee-joint. 

1,  Surface  of  femur  on 
which  patella  rest?; 
2,  anterior  crucial 
ligament ; poste- 
rior crucial  ligament; 
4,  ligament  connect- 
ing the  two  semi- 
lunar cartilages ; 5, 
part  of  synovial 
fringe;  6 and  7,  semi- 
lunar cartilages;  8, 
ligamentuin  patellic 
(turned  down) ; 9, 

bursa;  10,  ligament 
connecting  tibia  and 
fibula  ; 11,  inter- 

osseous membrane. 
[Wilson. J 


Movements. — The  knee-joint  is  one  of  the  strongest  of  the 
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articulations  of  the  body,  while,  at  the  same  time,  it  admits  of 
the  most  perfect  degree  of  movement  in  the  direction  of  flexion 
and  extension.  AVhen  it  is  half-flexed  it  allows  of  inward  and 
outward  rotation  of  the  tibia  upon  the  femur. 

There  are  many  bursae  in  the  neighbourhood  of  the  knee,  the 
one  most  frequently  troublesome  is  that  lying  on  the  front  of 
the  knee-cap,  which  when  enlarged  or  inflamed  produces  the 
condition  known  as  “housemaid’s  knee”. 

Connections  between  the  Tibia  and  Fibula. — Like 
those  of  the  radius  and  ulna,  these  connections  may  be  divided 
into  upper,  middle,  and  lower. 

The  upper  connection  consists  of  fibres  uniting  the  upper 
end  of  the  fibula  with  the  under  part  of  the  outer  tuberosity 
of  the  tibia.  This  joint  has  a synovial  cavity,  Avhich  sometimes 
(though  rarely)  communicates  with  the  knee-joint. 

The  middle  connection  is  formed  by  an  interosseous  mem- 
brane joining  the  bones  together.  It  is  similar  to  that  described 
as  uniting  the  radius  and  ulna,  and  serves  like  purposes. 

The  lower  connection  is  formed  by  an  anterior,  a posterior, 
and  an  interosseous  band  of  fibres  conecting  the  lower  end  of 
the  tibia  and  fibula.  The  last  of  these  (the  interosseous)  is  one 
of  the  strongest  ligaments  in  the  body,  and  when  strain  is  put 
on  the  union  the  fibula  breaks  a hundred  times  to  once  that  the 
ligament  gives  way. 

The  connection  between  these  bones  is  such  as  to  allow  of 
veiy  slight  movement  of  the  small  bone  upon  the  large  one,  and 
but  for  this,  fracture  of  the  fibula  would  be  even  commoner 
than  it  is.  There  is,  however,  no  free  movement  such  as 
takes  place  between  the  radius  and  ulna. 

Ankle-joint. — ^This  is  a ginglymus  or  hinge-joint  formed 
by  the  articulation  of  the  lower  end  of  the  tibia  and  fibula  with 
the  upper  surface  of  the  astragalus.  As  in  all  hinge-joints,  the 
lateral  ligaments  are  the  most  important,  and  form  the  hinges 
on  which  the  joint  moves.  The  internal  ligament  is  triangular  in 
shape  (deltoid),  and  is  very  thick  and  strong;  the  external  is 
in  three  strong  cord-like  bands.  The  anterior  and  posterior 
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ligaments  are  mere  scattered  l)ands,  which  serve  to  make  the 
joint  a closed  cavity  and  support  the  synovial  mendjrane. 

When  the  upper  surface  of  the  astragalus  and  the  lower 
articular  surface  of  the  tibia  and  fibula  are  examined,  it  will 
be  observed  that  they  both  have  the  peculiarity  of  being  wider 
in  front  than  behind.  AVhen,  therefore,  the  foot  is  at  right 
angles  to  the  leg  these  surfaces  exactly  fit,  and  no  lateral 
movement  is  possible;  but  when  the  foot  is  extended  the 
narrow  part  of  the  astragalus  comes  to  lie  against  the  wide  part 
of  the  tibia,  and  considerable  lateral  movement  can  then  take 
place.  The  only  other  peculiarity  of  this  joint  is,  that  both 
flexion  and  extension  are  much  more  limited  than  in  the  knee, 
elbow,  or  wrist. 

Joints  of  the  Foot. — The  only  peculiarity  in  the  connec- 
tion between  the  astragalus  and  os  calcis  is  the  presence  of  a 
thick  and  strong  interosseous  ligament,  placed  in  a cavity 
formed  by  the  grooved  upper  surface  of  the  os  calcis  and  lower 
surface  of  the  astragalus.  This  forms  a sort  of  pivot  on  which 
the  bones  move,  so  that  their  motion  is  a limited  rotatory 
gliding. 

The  bones  of  the  tarsus  are  held  together  by  numerous  liga- 
ments passing  from  one  to  another  on  the  upper  and  under 
surfaces,  but  too  complicated  to  justify  any  extended  descrip- 
tion. There  are,  however,  two  strong  bands  on  the  under  sur- 
face of  the  foot  which  need  special  mention,  as  being  the  chief 
means  by  which  the  arches  of  the  foot  are  maintained,  they 
are  the  long  and  the  short  plantar  ligaments.  They  connect 
the  under  surface  of  the  os  calcis  and  cuboid. 

Arches  of  the  Foot. — As  usually  described  there  are  three 
arches  in  the  foot,  two  of  which  are  longitudinal  and  the  third 
is  transverse.  The  outer  longitudinal  arch  is  formed  by  the 
os  calcis,  cuboid  and  two  outer  metatarsal  bones;  it  is  only 
very  slightly  raised.  The  inner  longitudinal  arch  is  formed  by 
the  os  calcis,  astragalus,  scaphoid,  cuneiform,  and  three  meta- 
tarsal bones;  it  is  at  its  highest  point  raised  about  1-|  inches 
from  the  ground.  The  transverse  arch  is  formed  by  the 
cuboid  and  three  cuneiform  bones.  It  is  usually  very  distinct. 
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but  is  higher  at  its  inner  end  than  at  its  outer.  The  arches 
are  due  (1)  to  the  shape  and  disposition  of  the  bones,  (2)  to  the 


Fig.  67.— 1, 2, 3, 4,  Internal  lateral  liga- 
ment of  ankle;  5, 6,  ligament  between 
os  calcis  and  scaphoid ; 7 and  9,  liga- 
ments between  internal  cuneiform 
and  metatarsal  of  big  toe ; 8,  that 
between  scaphoid  and  internal  cunei- 
form; 10,  ligaments  of  metatarso- 
phalangeal joint.  [Wilson.] 


tension  of  the  ligaments,  and  (3)  to  the  muscles  and  fasciae  in 
the  sole  of  the  foot. 

The  ligaments  and  joints  of  the  metatarsus  and  phalanges 
of  the  foot  correspond  in  nearly  every  particular  with  those  of 
the  metacarpus  and  phalanges  of  the  hand,  the  chief  difference 
being  that  the  big  toe  is  not  so  free  in  its  movements  as  the 
thumb,  and  that  it  is  set  parallel  with  the  other  toes  instead 
of  at  an  angle  to  them. 


MYOLOGY. 


THE  DESCRIPTION  OF  ITIE  MUSCLES. 

The  fibres  of  striped  muscle  have  l)een  already  described 
(p.  21),  and  it  has  been  mentioned  that  they  are  gathered 
into  bundles  called  fasciculi,  and  these  are  aggregated  to  form 
muscles.  Each  muscle  so  formed  is  contained  in  a sheath  made 
of  fibrous  tissue  with  some  admixture  of  elastic  fibres,  and 
terminates  at  each  end  in  a white  glistening  cord  or  membrane, 
formed  also  of  fibrous  tissue,  and  called  a tendon.  Muscles  vary 
greatly  in  their  shape  and  in  the  disposition  of  the  fibres  in 
relation  to  the  tendon.  Sometimes  the  fibres  run  longitudinally, 
and  the  muscle  is  thickest  in  the  centre  so  as  to  be  fusiform, 
in  other  cases  they  are  spread  out  like  a fan,  the  fibres  con- 
verging to  a common  tendon,  constituting  a radiate  muscle. 
Again,  they  are  penniform,  arranged  like  the  barbs  of  a quill- 
pen  on  one  side  of  a tendon,  or  bi-penniform,  like  the  barbs  of 
a feather  on  both  sides  of  a central  tendon. 

We  speak  of  the  most  fixed  attachment  of  a muscle  as  the 
origin,  and  the  most  movable  end  is  called  the  insertion. 
When  both  ends  are  equally  movable  we  give  the  term  origin 
to  the  attachment  nearest  the  middle  line,  and  insertion  to  that 
farthest  from  the  middle  line. 

The  muscles  are  separated  from  each  other  by  sheets  of 
fibrous  tissue  called  fasciae,  and  frecpiently  these  sheets  also 
form  a means  of  attachment  of  the  muscles.  Beneath  the  skin 
the  fascia  has  a considerable  admixture  of  fat,  and  contains  the 
superficial  veins  and  nerves;  it  is  known  as  the  superficial 
fascia.  Beneath  this  is  a stronger  and  more  coni])act  mem- 
brane, supporting  the  muscles,  forming  sheaths  for  the  vessels, 
and  becoming  firmly  attached  to  ridges  and  prominences  on 
the  bones;  this  is  the  deep  fascia.  The  superficial  fascia  forms 
a continuous  sheet  over  the  whole  body,  but  the  deep  fascia  of 
each  region  is  more  or  less  definitely  restricted  to  that  region 
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by  its  bony  attachments.  Hence  matter  or  other  fluid  formed 
beneath  the  deep  fascia  is  retained  by  these  connections.  The 
strongest  and  thickest  fascia  is  that  which  envelopes  the 
muscles  of  the  thigh,  and  is  known  as  the  fascia  lata  {latus, 
broad).  ; 

Muscles  of  the  Head  and  Neck.— The  muscles  of  the  [ 

f 

cranium  and  face  are  known  as  the  muscles  of  expression,  from  j 

the  fact  that  they  are  brought  into  play  in  the  facial  expression  1 

of  grief,  anger,  pleasure,  pain,  surprise,  astonishment,  &c.  ! 

These  muscles  are  all  very  thin  and  of  a pale  tint;  they  lie  \ 
for  the  most  part  immediately  beneath  the  skin,  and  are  so 
intimately  connected  with  it  as  to  produce,  when  in  action, 
the  ridges  and  furrows  we  notice  in  the  face  in  the  expression  / 
of  strong  emotions.  The  fibres  of  neighbouring  muscles  form 
numerous  communications,  and  it  is  therefore  difficult  (espe-  ^ 

daily  in  the  face)  to  define  the  limits  of  each  muscle;  and  the  h 

part  played  by  a given  muscle  in  producing  the  expression 
characteristic  of  any  emotion  is  also  by  no  means  easy  to 
ascertain. 

The  muscles  of  expression  have  been  named  in  some  in- 
stances from  their  shape,  but  more  frequently  from  their 
action,  the  result  being  that,  where  a muscle  has  more  than 
one  action,  it  ol)tains  a Latin  name  long  enough  to  appal  a || 

tyro;  of  which  fact  the  levator  labii  superioris  alseque  nasi 
(elevator  of  the  upper  lip  and  ala  of  the  nose)  may  be  taken  as  . J 

a trite  example.  ' p 

None  of  the  muscles  are  of  sufficient  importance  to  require 
a full  description;  we  shall,  therefore,  simply  name  some  of 
the  chief  of  them. 

i) 

Covering  the  l)ones  of  the  skull  is  a thin,  spread-out  tendon  j, 
(aponeurosis),  with  which  two  fleshy  muscular  masses  are  . 
attached  in  front  and  two  behind.  This  apparatus  is  known  A 
as  the  occipito-frontalis  muscle;  it  is  brought  into  action  in 
drawing  up  the  eyebrows,  as  in  astonishment,  surprise,  and 
terror,  and  in  many  persons  produces  a forward  and  backward 
movement  of  the  scalp. 

Round  each  eye  is  a wide,  but  thin,  circle  of  muscular  fibres. 
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the  orbicularis  palpebrarum  muscle;  by  means  of  those  fibres, 
which  lie  on  the  eyelids,  the  eyes  are  closed,  while  the  outer 
mass  (much  the  thicker)  causes  the  drawing  down  of  the  eye- 
brows in  thought,  doubt,  and  ill-temper.  Accessory  bands  of 
fibres,  called  the  corrugatores  supercilii  (contractors  of  the 
eyebrows),  aid  the  orbicularis  muscles,  and  are  especially  efFec- 


Fig.  68.— Muscles 
of  Face. 

1,  Elevator  of  upper 
lip  aiifl  ala  of 
nose ; 2,  descend- 
ing slip  of  oc- 
cipito  - frontalis; 

3,  ijyrainidal 
muscle  of  nose ; 

4,  orbicularis  pal- 
pebrarum; 5,  ele- 
vator of  upper 
lip;  6,  elevator  of 
angle  of  mouth ; 
7,  risorius ; 8,  les- 
ser zygomatic ; 9, 
greater  zygoma- 
tic ; l(t,  platysma 
rnyoides;  11,  de- 
pressor of  angle 
of  mouth ; 12  and 
13,  orl)icularis 
oris;  14,  depressor 
of  lower  lip. 
[Henle,  modi- 
fied.] 


tive  in  drawing  the  eyebrows  towards  each  other  and  producing 
vertical  wrinkles  above  the  bridge  of  the  nose. 

Other  muscles  pass  to  the  angles  of  the  mouth.  The  outer 
of  these  is  called  zygomaticus,  because  it  springs  from  the 
zygomatic  part  of  the  malar  bone ; it  effects  the  drawing  u})  of 
the  corner  of  the  mouth  in  laughter.  A little  nearer  the  nose 
is  the  special  elevator  of  the  angle  of  the  mouth;  next  comes 
the  elevator  of  the  upper  lip,  which  (as  Darwin  has  shown) 
when  in  action  exposes  the  canine  tooth,  and  is  brought  into 
play  in  sarcasm  and  irony ; and  then  the  elevator  of  the  upper 
lip  and  ala  of  the  nose,  already  mentioned,  which  is  used  in 
the  expression  of  disgust. 
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Round  the  mouth  is  a circular  mass  of  muscle,  the  orbicu- 
laris oris,  in  which  the  fibres  of  the  muscles  just  described  ter- 
minate. In  the  lower  lip  the  chief  muscles  on  each  side  are  the 
depressor  of  the  angle  of  the  mouth,  the  depressor  of  the 
lower  lip,  and  a thin  sheet  of  muscle  which  is  continued  up 
from  the  neck  to  the  angle  of  the  mouth,  and  is  called  the 
risorius  muscle.  The  orlhcularis  oris  is  used  in  pursing  up 
the  mouth  and  in  pouting;  the  muscles  of  the  loAver  lip  are 
used  in  expressing  pain,  discontent,  sorrow,  &c. 

All  the  muscles  of  expression  obtain  their  nerve  supply  from 
the  facial  or  7th  cranial  nerve. 

Muscles  of  Mastication. — This  group  consists  of  five 
muscles  on  each  side  of  the  head,  of  considerable  strength, 
having  their  insertion  into  the  ramus  of  the  lower  jaw  and  the 
l>rocesses  given  off  from  it;  these  are  the  temporal,  masseter, 
external  pterygoid,  internal  pterygoid,  and  buccinator. 

The  Temporal  (as  its  name  shows)  is  placed  at  the  temple^ 
and  fills  up  the  hollow  at  the  side  of  the  head  noticeable  in 
the  bony  skull;  it  is  fan-shaped,  and  ends  in  a strong  tendon 
inserted  into  the  coronoid  process  of  the  lower  jaw. 

The  Masseter  muscle  covers  the  outer  surface  of  the  ramus 
of  the  lower  jaw,  and  is  attached  above  to  the  malar  bone  and 
zygoma  of  the  temporal. 

These  two  muscles  are  the  chief  means  by  which  the  teeth 
of  the  lower  jaw  are  brought  against  those  of  the  upper  in 
masticating  food. 

The  Pterygoid  muscles  are  so  called  from  their  attachment 
to  the  pterygoid  plate  of  the  sphenoid  bone.  The  external 
pterygoid  muscle  passes  almost  horizontally  outwards,  to  be 
fixed  to  the  inner  surface  of  the  neck  of  the  condyle  of  the 
lower  jaw;  the  internal  pterygoid  runs  downwards  and  out- 
wards, to  be  inserted  into  the  inner  side  of  the  angle  of  the 
same  bone.  Like  the  pi-evious  muscles,  they  assist  in  closing 
the  mouth,  and  bringing  the  two  ranges  of  teeth  in  contact, 
but  in  addition,  the  pterygoids  move  the  jaw  from  side  to 
side,  so  that  the  four  muscles  named  (two  pterygoids,  temporal, 
and  masseter)  combine  a scissors  movement  of  the  lower  jaw 
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with  an  antero-posterior  and  lateral  motion,  such  as  is  efiective 
in  grinding  the  food  by  means  of  the  molar  teeth. 

The  Buccinator  muscle  forms  the  greater  part  of  the  mass 
of  the  cheek,  and  in  front  is  intimately  blended  with  the  orbi- 
cularis oris.  It  is  the  “feeder  muscle”,  serving  to  push  the 


Fig.  69.— Muscles 

and  Vessels  of  the 

Pterygoid  Region. 

1,  Temporal  muscle 
(turned  up) ; 2, 
external  ptery- 
goid; 3,  internal 
pterygoid;  4,  buc- 
cinator ; 5,  digas- 
tric and  stylo- 
hyoid muscles 
(turned  back);  6, 
common  carotid 
artery;  7,  exter- 
nal carotid ; 8, 

internal  maxil- 
lary artery.  (El- 
lis.J 


food  between  the  teeth  on  the  outside  as  the  tongue  does  on 
the  inside  of  their  range. 

The  muscles  of  mastication  get  their  nerve-supply  from  the 
inferior  division  of  the  5th  cranial  nerve,  excepting  the  bucci- 
nator which  is  supplied  as  a muscle  of  expression  by  the  facial. 

Muscles  of  the  Eye-socket  (Orbit).  The  eye  is  closed 
(as  has  been  already  mentioned)  by  the  orbicularis  palpebrarum; 
it  is  opened  by  a muscle  coming  from  the  back  part  of  the 
orbital  cavity  and  passing  to  the  upper  edge  of  the  upper  lid, 
the  levator  palpebrae  (elevator  of  the  eyelid).  The  other 
muscles  of  the  orbit  move  the  eyel)all.  Four  of  them  pass  in 
a straight  course  from  their  origin  at  the  back  of  the  orbit  to 
the  front  of  the  eyeball,  and  hence  are  callecl  recti  muscles 
(rectus,  straight).  They  move  the  eyeball  outwards  (rectus 

( M 24 ) W 
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externus),  iinvards  (r.  internus),  upwards  (r.  superior),  down- 
wards (r.  inferior).  Two  others  pass  obliquely  to  the  eye, 
and  terminate  at  the  back  part  of  the  ball;  these  are  the 
superior  and  inferior  oblique. 

Nerve  Supply. — The  muscles  of  the  orbit  are  all  supplied 
by  the  3rd  cranial  nerve,  excepting  the  external  rectus  (by  the 
6th)  and  the  superior  oblique  (by  the  4th). 

Muscles  of  the  Neck. — Passing  obliquely  across  each  side 
of  the  neck  is  a large  and  long  muscle,  named  the  sterno- 
mastoid;  it  passes  from  the  upper  end  of  the  sternum  and 
inner  end  of  the  clavicle  to  the  temporal  1)one  behind  the  ear. 
This  muscle,  when  contracting,  turns  the  head  so  that  the  face 
is  directed  slightly  upwards  and  towards  the  opposite  shoulder. 

At  the  back  of  the  neck  a large  muscle  covers  the  deep 
muscular  mass  on  each  side;  it  is  triangular  in  shape,  the 
two  together  forming  an  irregular  four-sided  figure,  and  hence 
it  is  named  trapezius.  It  is  connected  with  the  spines  of  the 
dorsal  vertebrte,  the  occipital  bone,  the  spine  of  the  scapula, 
and  the  outer  end  of  the  clavicle. 

Certain  small  ribbon-like  muscles  pass  from  the  sternum  and 
clavicle  to  the  larynx  (voice  l)ox)  and  hyoid  bone,  and  are  the 
means  by  which  these  structures  are  brought  back  to  their 
})lace  again,  after  having  been  raised  in  the  action  of  swallow- 
ing. They  ai-e  named  from  their  connections,  and  are  the 
sterno-hyoid,  sterno-thyroid,  thyro-hyoid,  and  omo-hyoid. 

Beneath  the  jaw  are  several  muscles  whose  action  is  to  raise 
the  hyoid  bone  in  the  act  of  swallowing.  The  most  important 
of  them  is  called  digastric,  from  the  fact  that  it  has  two  fleshy 
bellies  with  a tendon  between  them  (Gk.  dis,  twice,  and  gaster, 
a belly);  its  posterior  connection  is  Avith  the  mastoid  part  of 
the  temporal  bone,  and  its  anterior  Avith  the  loAver  jaAv  near 
the  symphysis.  The  tendon  runs  through  a pulley  formed  of 
fascia,  attached  to  the  hyoid  bone.  When  the  mouth  is  shut 
the  digastric  draAvs  up  the  hyoid  bone,  but  Avhen  the  latter  is 
fixed  it  opens  the  mouth  by  pulling  doAvn  the  jaAv. 

The  mylo-hyoid  is  a flat  muscle  passing  from  the  inner  sur- 
face of  the  lower  jaAv  to  the  hyoid  bone,  the  muscles  of  the 
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two  sides  being  intinmtely  l)leii(le(l  in  tlie  middle  line.  It 
forms  the  floor  of  the  mouth,  and  supports  the  submaxillary 
and  sublingual  salivary  glands.  When  in  action  it  either  raises 
the  hyoid  or  depresses  the  lower  jaw,  according  as  the  one  or 
the  other  is  free  to  move. 

A small  muscle  called  genio-hyoid  also  connects  the  hyoid 
and  lower  jaw  and  assists  the  mylo-hyoid  in  its  action. 


Fig.  70.— Side  View  of 
Phar3'n.x. 

],  Eustachian  tube;  2,  ex- 
ternal ptcrj'goid  ])late ; 

3,  left  styloid  proces.s  •,  4, 
tensor  muscle  of  jialate; 

5,  superior  constrictor 
muscle  of  pharynx;  6, 
elevator  of  palate ; 7, 

stylo-pharyngeus;  8, right 
styloid  process;  9,  stylo- 
hj'oid  muscle;  10,  duct  of 
jiarotid  gland;  11,  middle 
constrictor ; 12,  ptery- 

go-maxillary  ligament; 

13,  internal  pterygoid 
muscle;  14,  buccinator 
muscle;  1.5,  stylo-phuryn- 
geus  (lower  part) ; 1(5, 
stj’lo-glossus ; 17,  inferior 
constrictors  18,  hyo- 
glossus;  19,  thyro-hyoid 
membrane ; 20,  mylo- 

hj'oid  muscle;  21,  thyroid 
cartilage;  22,  hyoid  hone; 

23,  crico-thyroiil  muscle; 

24,  trachea;  25,  gullet. 

[From  Heath,  after 
Sappey.l 

The  only  other  important  muscles  of  the  head  and  neck  are 
those  of  the  tongue,  palate,  and  pharynx. 

Muscles  of  the  Tongue. — The  tongue  is  itself  mainly 
composed  of  muscular  fibres,  some  of  which  run  in  its  length, 
others  transversely,  and  a third  set  vertically.  The  fibres  are 
notable  because  they  bi'anch  and  communicate  with  each  other, 
liecause  they  are  mixed  with  a considerable  quantity  of  fine 
fat,  and  because  of  their  firm  connection  with  the  mucous 
meiubrane  coveidiig  the  tongue.  Other  muscles  pass  from  the 
styloid  process  of  the  temporal  bone,  the  hyoid  bone,  and  lower 
jaw  to  the  tongue.  Their  names  are  descriptive  of  their  attach- 
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nient,  viz.  the  stylo-glossus  (glossa,  the  tongue),  hyo-glossus, 
genio-hyo-glossiis  {genion,  the  chin),  and  palato-glossus. 

Muscles  of  the  Soft  Palate. — The  soft  palate  is  the 
velvet-like  curtain  which  hangs  at  the  back  of  the  mouth, 
and  separates  it  from  the  back  of  the  nasal  cavities.  The 
muscles  it  contains  are  the  tensor  palati,  levator  palati,  palato- 
glossus, palato-pharyngeus,  and  a band  forming  the  greater 
part  of  the  little  tongue  dependent  from  the  middle  of  the 
soft  palate  (the  uvula),  called  azygos  uvulae. 

Muscles  of  the  Pharynx. — The  pharynx  or  food-bag  is 
the  muscular  cavity  placed  between  the  back  of  the  mouth  and 
the  gullet.  Its  muscular  structure  is  composed  of  three  fes- 
tooned layers,  which  are  in  part  superimposed,  and  are  known 
as  the  superior,  middle,  and  inferior  constrictor  muscles  of 
the  pharynx.  They  grasp  the  food-bolus  after  it  has  left  the 
mouth  and  by  their  compression  force  it  into  the  upper  part 
of  the  gullet. 

Muscles  of  the  Chest  Wall. — The  spaces  between  the 
ril)S  are  filled  by  a double  layer  of  muscular  fibres,  forming 
the  external  and  internal  intercostal  muscles.  In  the  external 
the  fibres  run  downwards  and  forwards  from  the  rib  above  to 
the  rib  below  the  space ; Avhen  in  action  they  raise  the  ribs,  and, 
by  enlarging  the  cavity  of  the  chest,  cause  an  influx  of  air, 
or,  in  other  words,  an  inspiration.  The  fibres  of  the  internal 
intercostal,  on  the  contrary,  run  downwards  and  backwards, 
and  act  by  depressing  the  ribs,  so  as  to  diminish  the  cavity  of 
the  chest,  and  cause  an  expulsion  of  air,  or  expiration. 

Other  muscles  found  on  the  chest  wall  are  the  triangularis 
sterni,  clothing  the  back  of  the  sternum,  and  the  elevators  of 
the  ribs  (levatores  costarum),  passing  from  the  transverse 
processes  of  the  vertebrae  to  the  angles  of  the  ribs. 

Muscles  of  the  Abdomen.— The  abdominal  wall  is  en- 
tirely muscular  and  tendinous,  but  the  muscles  and  tendons 
are  so  arranged  as  to  make  a very  strong  and  complex  com- 
bination. Thus  while  providing  for  alterations  in  the  capacity 
of  the  abdomen,  the  rise  and  fall  of  the  wall  in  respiration,  and 
for  changes  in  the  position  and  relations  of  the  movable  viscera, 
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the  wall  is  so  arranged  as  to  ensure  that  the  ]>ressnre  shall  be 
evenly  distributed,  and  its  elasticity  is  sufficient  to  allow  of  its 
sustaining  strains  and  even  blows  without  being  ruptured. 

The  muscles  which  form  the  abdominal  wall  in  front  and  at 
the  sides  are  as  follows : — 

External  Oblic^ue. 

Internal  Obli(iue. 

Transversalis. 

Rectus. 

The  External  Oblique  muscle  of  the  abdomen  arises  by  heshy 
slips  from  the  outer  surface  of  the  eight  lower  ribs.  Its  fibres 
pass  obliquely  downwards  aiid  forwards,  to  end  in  a spread-out 
sheet  of  tendon,  which  covers  the  anterior  half  of  the  abdomen 
and  extends  doAvnwards  to  the  groin  and  pubes.  In  front  it 
covers  the  rectus  muscle,  and  in  the  middle  line  joins  with  the 
internal  oblique  and  transversalis  to  form  a common  line  of 
intersection,  the  linea  alba,  extending  from  the  xiphoid  carti- 
lage to  the  symphysis  pubis.  The  muscular  fibres  of  the  external 
ol)lique  are  attached  below  to  the  anterior  two-thirds  of  the 
crest  of  the  ilium.  The  lower  border  of  its  tendon,  very  strong 
and  thick,  stretches  across  at  the  groin,  from  the  anterior 
superior  spine  of  the  ilium  to  the  spine  of  the  pubes,  and  is 
called  Poupart’s  ligament.  The  arch  thus  formed  allows  of  the 
passage  of  the  vessels,  nerves,  and  certain  muscles  from  the  ab- 
domen to  the  thigh.  Just  above  the  sihne  of  the  pubes  there 
is  a weak  spot  in  the  external  oblicpie,  called  the  external  ab- 
dominal ring;  this  gives  passage  in  the  male  to  the  vas  deferens 
(the  duct  of  the  testicle)  and  to  the  vessels  and  nerves  in  con- 
nection with  it,  which  together  form  what  is  known  as  the  sper- 
matic cord;  in  the  female  it  has  passing  thi'ough  it  the  round 
ligament  of  the  womb  (uterus).  This  o])ening  is  so  coni])letely 
filled  by  the  structures  named,  and  covered  in  by  fibrous  and 
muscular  bands,  that  there  is  no  real  apertui’e  left,  but,  when 
extra  strain  is  put  upon  the  wall,  ])ortions  of  bowel  or  omentum 
are  liable  to  be  protruded,  forming  what  is  commonly  called  a 
“ rupture  ” and  technically  “ hernia 

The  Internal  Oblique  is  less  tendinous  than  the  external. 
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It  springs  below,  and  passes  obliquely  upwards  and  forwards. 
Arising  from  the  crest  of  the  ilium,  outer  half  of  Poupart’s 
ligament,  and  a strong  fascia  behind  (lumbar  fascia),  it  is 
attached  above  to  the  edge  of  the  cartilages  of  the  four  lower 
ribs;  in  the  middle  line  it  assists  in  the  formation  of  the  linea 
alba,  and  below  it  is  attached  (along  with  a part  of  the  tendon 
of  the  next  muscle)  to  the  crest  of  the  pubes  and  pectineal 
line.  The  back  part  of  this  muscle  is  tendinous,  the  middle 
fleshy,  and  the  front  part  tendinous;  the  latter  divides  into 
two  layers,  one  passing  in  front  and  the  other  behind  the 
rectus,  to  reach  the  linea  alba.  The  loAver  par  t of  the  muscle 
is  defectiA^e  jrrst  above  the  irrrier  end  of  Porrpart’s  ligament,  a 
space  being  thus  left  Avhich,  from  its  being  situated  in  the  groirr, 
is  called  the  inguinal  canal;  it  lodges  the  spermatic  cord  irr 
the  male  and  rouird  ligament  in  the  female. 

From  the  loAA^er  border  of  the  interrrrd  olrlique,  fibres  pass 
doAvri  to  the  spermatic  cord  and  testicle;  these  form  the 
Cremaster  nurscle,  so  called  because  it  susperrds  the  testicle 
(cremao,  I srrspend). 

The  Transversalis  muscle  forms  the  third  layer  of  the  ab- 
dornirral  aatUI.  As  its  name  implies  its  fibres  pass  trarrsversely 
across  the  abdominal  wall,  being  connected  behind  with  the 
fascia  already  merrtiorred  (lumbar  fascia),  and  through  it  Avith 
the  lumbar  vertebrae,  also  A\dth  the  inrrer  surface  of  the  six 
loAver  rilAs,  the  anterior  part  of  the  crest  of  the  ilium,  and  the 
outer  third  of  Poupart’s  ligament.  In  front  it  l)ecomes  tendin- 
ous and  passes  behind  the  rectus  to  the  linea  alba,  A\diile  its 
loAver  edge  ends  by  uniting  A\dth  a part  of  the  internal  oblique 
to  form  a common  tendon  (the  conjoined  tendon),  AA^hich  is 
connected  Avith  the  crest  of  the  pubes  and  ilio-pectineal  line. 
The  conjoined  tendon  lies  immediately  behind  the  external 
abdominal  ring,  and  thus  compensates  l)y  its  presence  and 
strength  for  the  deficiency  in  the  external  oblique  at  that 
point.  As  in  the  internal  oblique,  so  in  the  transversalis,  the 
loAver  border  of  the  muscle  is  defective,  leaAung  space  for  the 
spermatic  coid,  the  inguinal  canal. 

The  Rectus  is  a broad  band  of  muscle  passing  up  on  one 
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side  of  the  middle  line  of  the  abdominal  wall.  A remarkable 
feature  in  its  structure  is  that  the  muscular  fibres  are  inter- 
rupted by  tendinous  intersections  forming  transverse  lines; 
there  are  three  of  these,  none  of  them  being  as  a rule  below 


Fig.  71.  — 
Muscles  of  Ab- 
dominal Mall. 

«,  External  ob- 
lique (turned 
down);  hb, 
internal  ob- 
li(iue ; c, 
transversalis; 

d,  conjoined 
teniloii  of  ex- 
ternal ob- 
lique and 
transversalis; 

e,  rectu.s,with 
sheath  open- 
ed; /,  trans- 
versalis fas- 
cia; g,  trian- 
gular fascia; 

h,  cremaster ; 

i,  infundibu- 
lar fascia. 
(Wood.] 


the  navel.  The  rectus  is  inclosed  in  a strong  sheath  formed 
by  the  tendons  of  the  oblique  and  transverse  muscles;  in  front 
there  is  in  the  upper  two-thirds  the  tendon  of  external  oblique 
and  half  that  of  the  internal,  and  liehind,  the  transversalis  and 
the  other  half  of  the  tendon  of  the  internal  oblique.  In  the 
lower  third,  the  whole  of  the  tendons  pass  in  front,  leaving  the 
sheath  entirely  wanting  behind;  this  arrangement  allowing  of 
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the  direct  action  of  the  rectus  on  the  urinary  bladder  when 
distended,  and  on  the  womb  at  the  birth  of  the  child. 

The  Inguinal  Canal  has  been  already  spoken  of.  It  is  an 
oblique  canal  in  the  abdominal  wall  just  above  the  groin,  ter- 
minating below  in  the  opening  in  the  external  oblique,  the 
external  abdominal  ring,  and  communicating  above  with  the 
abdominal  cavity  by  an  opening  in  the  abdominal  fascia,  the 
internal  abdominal  ring.  In  the  male  it  contains  the  spermatic 
cord,  and  in  the  female  the  round  ligament  of  the  uterus. 
Down  this  canal  the  testicle  travels  in  its  descent  from  the 
abdomen  to  the  scrotum  before  the  birth  of  the  child,  and  as  a 
consequence  the  wall  here  is  weakened,  and  not  unfrequently 
bowel  is  forced  down  the  canal,  forming  an  oblique  inguinal 
hernia. 

The  al)dominal  muscles  l)y  their  general  and  even  compres- 
sion keep  the  abdominal  organs  in  their  proper  relation  to  each 
other,  and  by  supporting  them  ensure  the  maintainence  of 
proper  conditions  for  their  healthy  action.  These  muscles  are 
also  brought  into  play  in  l)reathing,  as  they  assist  in  the  act 
of  expiration,  or  the  expulsion  of  air  from  the  chest;  they  also 
play  a prominent  part  in  the  expulsion  of  urine  from  the 
urinary  l)ladder,  the  contents  from  the  bowel  in  defsecation, 
and  the  child  from  the  womb  at  the  birth.  They  are  also  of 
use  in  bending  the  body  forward. 

At  the  back  of  the  abdomen  two  muscles  of  considerable 
importance  are  found.  One  of  these,  the  quadratus  lumborum 
passes  from  the  pelvis  to  the  last  rib,  being  also  connected 
with  the  tranverse  processes  of  the  lumbar  vertebrae;  its  chief 
uses  are  to  bend  the  spine  to  the  side,  and  to  fix  the  last  rib. 
The  other  muscle,  called  psoas,  runs  down  from  the  lumbar 
vertebrae,  beneath  Poupart’s  ligament  to  the  thigh,  where  it  is 
attached  to  the  lesser  trochanter  of  the  femur.  It  serves  to 
bend  the  thigh  on  the  abdomen. 

Between  the  chest  and  abdomen  is  the  most  remarkable 
and  important  muscle  of  the  body,  the  diaphragm.  It  forms 
a complete  division  between  the  two  cavities,  and  is  also  the 
chief  muscle  for  carrying  on  the  work  of  respiration. 
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Thu  Diaphrag’m  forms  a dome,  with  the  convexity  directed 
upwards  and  the  concavity  downwards.  It  is  attached  behind 
to  the  front  of  the  bodies  of  the  lumbar  vertebrae,  and  at  its 
circumference  is  fixed  to  the  inner  surface  of  the  lower  six 
ribs.  The  central  i)art  of  the  muscle  is  tendinous,  the  outer 
part  is  fleshy;  the  ])illars  which 
connect  it  with  the  vertebral  bodies 
are  partly  fleshy  and  })artly  ten- 
dinous. On  its  u})per  surface  it  is 
connected  with  the  sac  which  en- 
closes the  heart,  the  pericardium; 
its  upper  surface  also  is  in  paiT 
covered  liy  the  pleura,  and  its 
lower  by  the  peritoneum.  There 
are  several  openings  in  the  dia- 
phragm, one  of  them  giving  }>as- 
sage  to  the  abdominal  aorta  (the 
great  vessel  carrying  blood  to  the 
abdomen  and  the  limbs),  another 
to  the  gullet  and  vagus  nerves,  and 
a third  to  the  inferior  vena  cava. 

The  diaphragm  forms  the  floor 
of  the  chest,  and  by  its  descent 
causes  an  increase  in  the  depth  of 
that  cavity;  this  enlargement  in 
the  capacity  results  in  an  ingress 

P . , P . . ^ . Fig-  72.— A,  Chest  wall;  h,  diaphragm; 

01  air,  or  the  act  of  inspivcttiou ; C,  abdominal  wall ; 1),  dorsal  vertebra) ; 

1 ...  I 1 • , • 1 • J'b  shoulder. 

when  it  IS  relaxed  it  rises  by  its 

own  elasticity,  the  cavity  of  the  chest  is  diminished  in  depth, 
and  air  is  consequently  forced  out  to  make  room  for  its  rise 
{expiration).  In  forced  expiration  the  abdominal  muscles  also 
assist,  for  by  pressing  up  the  abdominal  organs  against  the  dia- 
phragm, they  cause  it  to  rise. 

The  diaphragm  receives  its  motor  supply  from  the  two 
phrenic  nerves,  which  are  consequently  regarded  as  the  great 
nerves  of  respiration.  They  pass  through  the  muscle  and  are 
distributed  on  its  under  surface. 
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Muscles  of  the  Upper  Limb. A large  triangular  sheet 
of  muscle  passes  fr-om  the  front  of  the  chest  to  the  arm,  and 
forms  one  of  the  anterior  boundaries  to  the  arm-pit  or  axilla; 
this  is  called  the  pectoralis  major.  It  is  attached  at  its  origin 
to  the  collar-bone,  breast-bone,  and  costal  cartilages;  at  its 
insertion  it  is  fixed  to  the  outer  edge  of  the  bicipital  groove 
on  the  humerus.  When  the  shoulders  are  fixed,  the  pectoralis 
major  draws  the  ribs  upwaivls,  enlarges  the  cavity  of  the 
chest,  and  so  acts  as  a poweidul  accessory  to  inspiration. 
When  the  arms  are  free,  the  two  muscles  draw  them  across 
the  chest,  as  in  the  action  of  flogging  the  chest  performed  by 
cabmen  and  others  in  cold  weather.  This  muscle  also  draws 
the  body  towards  the  arms  in  climbing. 

Beneath  this  muscle  is  a smaller  one,  the  pectoralis  minor, 
also  triangular  in  shape,  and  passing  from  the  second,  third, 
and  fourth  ribs,  to  the  coracoid  process  of  the  scapula.  Like 
the  pectoralis  major  it  assists  forcible  inspiration;  it  also  aids 
in  drawing  the  blade-bone  forward  u]i)on  the  chest  wall. 

Forming  a triangular  covering  to  the  shoulder-joint  is  a 
muscle  of  much  im[)ortance,  the  deltoid,  so  called  because  of 
its  resemblance  in  shape  to  an  inverted  Greek  letter  delta  (A). 
The  deltoid  is  connected  above  with  the  clavicle  and  spine  of 
the  scajnda,  and  below  is  inserted  into  a large  triangular 
impression  on  the  outer  side  of  the  middle  of  the  shaft  of  the 
humerus.  It  is  the  chief  means  by  which  the  arm  is  carried 
outwards  and  upwards  from  the  body. 

At  the  back  of  the  shoulder,  a large  spread-out  muscle  passes 
upwards  to  the  humerus  from  the  back  and  loin.  From  its 
wide  expanse  at  the  back  it  is  named  latissimus  dorsi  (broadest 
muscle  of  the  l)ack).  It  is  inserted  into  the  bicipital  groove, 
and  when  in  action  draws  the  ann  downwards  and  backwards. 

Between  the  scapula  and  chest  wall  another  large  sheet  of 
muscle  is  placed,  called  the  serratus  magnus.  It  is  attached 
to  the  outer  surface  of  the  eight  up])er  ribs  by  muscular  slips 
which  look  like  saw-teeth  (hence  the  name,  from  L.  .^erm,  a 

* The  reader  is  referred  to  the  plate  at  the  end  of  the  book,  where  illustrations  of 
these  muscles  are  given. 
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saw),  and  2)asses  from  thence  to  the  posterior  border  of  the 
scapula.  When  the  arm  is  fixed  tliis  muscle  assists  in  raising 
the  ribs  and  increasing  the  capacity  of  the  chest;  it  is,  there- 
fore, a muscle  of  forced  ins])iratiom  Its  nerve  supply  is  the 


Fig.  73.— Muscles  of  Chest  AV'all  and  Shoulder. 

1,  Stenio-niastoid ; 1',  platysiiia  niyoides;  2,  steriio-hyoidi;  3,  oino-hyoid;  3',  posterior  belly  of 
omo-hyoid;  4,  elevator  of  the  angle  of  the  scapula;  4',  anterior  scalene  muscle;  5,  trapezius; 

6,  deltoid ; 7,  triceps ; 8,  teres  minor;  9,  teres  major ; 10,  latissimus  dorsi ; 11,  pectoralis  nugor ; 
12,  pectoralis  minor ; 13,  serratus  magnus ; 14,  external  oblique  of  abdomen ; 15,  position  of 
ensiform  cartilage.  [Quain.] 

})osterior  thoracic,  the  nerve  named  external  respiratory  l)y  Sir 
Charles  Bell,  because  of  its  distribution  to  this  muscle. 

Covering  the  shoulder-joint  and  in  direct  connection  with 
the  capsule  are  several  short  muscles,  which  serve  to  support 
the  joint,  and  act  also  as  rotators  of  the  humerus.  Thus  in 


92 


ELEMENTARY  ANATOMY, 


front  there  is  the  subscapularis,  springing  from  the  front  of 
the  scapula  and  terminating  by  being  attached  to  the  lesser 
tuberosity  of  the  humerus;  it  acts  by  rotating  the  humerus 
inwards.  At  the  back  of  the  joint  we  find  four  muscles,  the 
supra- spinatus,  infra-spiiiatus,  teres  minor,  and  teres  major; 
the  two  former  come  from  the  scapula,  one  above  and  the 
other  below  the  spinous  process,  the  other  two  spring  from  the 
outer  border  of  the  same  bone.  The  supra-spinatus,  infra- 
spinatus, and  teres  minor  are  inserted  into  the  greater  tuber- 
osity of  the  humerus,  and  act  as  external  rotators  of  the 
humerus;  the  teres  major  is  attached  to  the  inner  side  of  the 
bicipital  groove,  and  acts  by  rotating  the  humerus  inwards 
and  carrying  the  arm  inwards  and  a little  backwards. 

Three  large  muscles  and  one  small  one  form  the  muscular 
mass  in  front  and  at  the  back  of  the  arm;  in  front  are  the 
biceps,  coraco-brachialis  and  brachialis  anticus,  and  Ijchind,  the 
triceps. 

The  Biceps  (so  called  from  its  having  two  heads)  is  a beautiful 
muscle,  forming  a thickl}^  rounded  mass  in  front  of  the  uj^per 
arm.  Above,  it  consists  of  two  portions,  or  heads,  one  of 
them  (partly  muscular  and  partly  tendinous)  being  attached 
with  the  coraco-brachialis  to  the  coracoid  process  of  the  scapula, 
the  other  (tendinous)  springs  from  the  upper  part  of  the  glenoid 
cavity  of  the  scapula,  and,  after  traversing  the  shoulder-joint, 
runs  down  a narrow  groove  between  the  inner  and  outer 
tuberosities  of  the  humerus.  Below,  the  biceps  terminates  in 
a round  tendon,  but  from  this  there  is  given  off  a thin  mem- 
branous slip,  the  bicipital  fascia;  the  former  is  inserted  into 
the  back  part  of  the  tubercle  of  the  radius,  the  latter  passes  to 
the  front  of  the  muscles  of  the  forearm  and  gets  connected 
with  them.  The  biceps  is  not,  as  a rule,  attached  to  the 
humerus,  but  sometimes  there  is  a third  head  connected  with 
that  bone. 

The  main  action  of  the  biceps  is  to  flex  the  elbow,  and 
in  so  doing  it  acts  as  a lever  of  the  third  order;  it  also  raises 
and  carries  forward  the  arm  by  acting  over  the  shoulder-joint. 
It  is  a powerfnl  supinator,  this  action  depending  on  its  being 
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attached  to  the  back  and  not  to  the  front  of  the  tubercle  of 
the  radius;  by  means  of  the  Ihcipital  fascia  it  assists  the 
muscles  of  the  forearm  in  their  action  of  flexing  the  hand.  It 
is  supplied  with  nerve  power  by  the  exteiaial  cutaneous  nerve. 

The  Orders  of  Lever  as  exemplified  in  the  Action  of  the 
Muscles. — Three  orders  of  lever  are  described  in  mechanics 
according  to  the  position 'of  the  fnlcrnm,  weight,  and  power. 
In  the  first  order,  fig,  74,  the  fulcrum  is  placed  between  the 
weight  and  power;  it  is  exemplified  in  the  movements  of  the 
head  on  the  atlas,  where  the  fulcrum  is  at  the  occipital  condyles. 


the  power  at  the  back  of  the  neck,  and  the  weight  is  formed 
by  the  face  and  front  part  of  the  skulk  This  form  of  lever  is 
employed  in  balancing,  and  it  is  therefore  called  the  lever  of 
stability.  Other  examples  in  the  human  body  are  the  bal- 
ancing of  the  vertebral  column  and  pelvis  on  the  head  of  the 
femur,  and  of  the  foot  on  the  lower  end  of  the  tibia;  this 
lever  is  also  used  when  the  arm  is  straightened  by  the  action 
of  the  triceps  muscle. 

In  the  second  order,  fig.  75,  the  weight  is  between  the 
power  and  the  fulcrum.  In  all  levers  the  force  exerted  is  ])ro- 
portional  to  the  distance  between  the  fulcrum  and  the  point 
of  application  of  the  force;  but  it  has  been  already  said  that 
in  this  form  the  force  is  always  placed  further  away  fi'om  the 
fulcrum  than  is  the  weight,  so  that  there  is  ahvays  a mechan- 
ical gain,  or,  to  put  it  another  way,  the  ])ower  required  to  move 
the  weight  is  always  less  than  the  weight  itself.  This  lever 
is  therefore  called  the  lever  of  power.  It  has  this  disadvantage 
that  the  power  must  always  move  through  a greater  distance 
than  the  weight,  and  for  this  reason  it  is  very  little  employed 
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ill  the  human  economy.  It  is,  however,  exemplified  when  a 
person  stands  upon  his  toes  (fig.  76),  for  in  this  case  the 
fulcrum  is  at  the  hall  of  the  toes,  the  weight  is  transmitted 

down  the  bones  of  the  leg  to  the  foot,  and  the 
power  is  in  the  muscles  of  the  calf. 

The  third  order  of  lever  (fig.  77)  has  the 
power  between  the  weight  and  the  fulcrum. 
It  is  the  form  in  which  there  is  actual  loss 
of  mechanical  power  instead  of  gain,  for  the 
power  arm  is  very  much  shorter  than  the 
weight  arm,  and  consequently  the  power 
needed  to  move  the  weight  is  greater  than 
the  weight  itself.  This  fault  is  more  than 
compensated  for  by  more  rapid  action,  for 
it  will  be  observed  that  the  power  only 
requires  to  move  through  a small  space  to 
cause  an  extensive  displacement  of  the  weight. 

Fifj.  7<>.— Lever  of  Se-  ^ ^ 

coixi  Order,  illustrated  Heiice  it  IS  Called  the  lever  of  rapidity.  It 

by  standing  on  tiptoe. 

e,  power;  w,  weight;  F,  is  veiY  mucli  the  luost  frequently  employed 

fulcrum.  <11  1 *11  11  ATT 

01  the  three  levers  in  the  human  body.  VV  e 

have  mentioned  that  the  biceps  in  action  is  an  example  of 
this  form;  the  fulcrum  is  at  the  elbow,  the  power  applied  at 
the  tubercle  of  the  radius  and  the  weight  is  the  hand  and 

forearm.  The  action  of  the  del- 
toid is  another  example,  and  there 
are  many  more. 

The  Coraco-brachialis  is  a slip 
of  muscle  united  with  one  head 
of  the  biceps;  it  passes  from  the 
coracoid  process  of  the  scapula  to 
the  inner  side  of  the  shaft  of  the 

Fig.  77. — Lever  of  the  Third  Order. 

humerus. 

The  Brachialis  anticus  muscle  clothes  the  front  of  the  lower 
end  of  the  humerus,  and  its  tendon  passes  across  the  front  of 
the  elbow-joint  to  be  attached  to  the  coronoid  process  of  the 
ulna.  It  is  a powerful  flexor  of  the  elbow-joint,  and  also  serves 
to  protect  and  support  that  joint. 
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At  the  back  of  the  arm  the  whole  of  the  Immeriis  h covei'ed 
by  a mass  which,  from  its  Ijeing  split  up  above  into  three 
portions  has  been  named  the  triceps.  Of  the  three  heads  thus 
formed  the  middle  one  is  attached  just  below  the  glenoid  cavity 
of  the  scapula;  the  outer  one  to  the  outer  and  back  part  of  the 
humerus,  high  up;  and  the  inner  to  the  inner  and  back  part  of 
that  bone,  low  down.  The  muscle  teimiinates  in  a flattened 
tendon  which  is  attached  to  the  back  part  of  the  olecranon 
process  of  the  ulna.  Its  action  is  to  extend  the  forearm,  and 
its  nerve  supply  is  the  musculo-spiral  nerve. 

Muscles  of  the  Forearm. — Two  groups  of  muscles  can  be 
readily  distinguished  in  the  forearm,  namely,  those  springing 
from  the  internal  condyle  of  the  humerus,  the  grouj)  of  jieom'S 
and  pronators and  those  arising  from  the  external  condyle  and 
the  ridge  above  it,  the  group  of  extensors  and  supinators.  The 
muscles  of  both  groups  are  constructed  on  the  same  plan,  being 
massed  together  at  their  origin,  and  so  intimately  united  by 
fibrous  intersections  as  to  be  difficult  to  separate.  They  all 
terminate,  also,  in  long  tendons  contained  in  synovial  sheaths, 
and  pass  across  the  front  or  back  of  the  wrist  to  reach  the  hand. 

Muscles  of  the  front  of  the  Forearm.  Most  of  the 
muscles  of  the  front  of  the  forearm  belong  to  the  inner  group 
mentioned  above,  but  some  of  them  do  not  extend  above  the 
elbow,  but  spring  from  the  bones  of  the  forearm.  The  follow- 
ing are  the  chief : — 

The  Round  Pronator  (pronator  radii  teres)  passes  obliquely 
across  the  upper  part  of  the  forearm,  immediately  below  the 
elbow,  to  be  attached  to  the  middle  of  the  outer  side  of  the 
radius.  The  two  flexors  of  the  wrist,  the  flexor  carpi  radialis 
and  flexor  carpi  ulnaris,  are  placed  the  former  on  the  outer 
and  the  latter  on  the  inner  border  of  the  front  of  the  forearm. 
A very  small  muscle  with  a long  tendon,  the  palmaris  longus, 
usually  lies  in  the  middle  of  the  forearm,  and  passes  to  the 
deep  fascia  of  the  palm  of  the  hand  (palmar  fascia),  which  it 
makes  tense  when  the  hand  is  flexed. 

The  most  important  muscles  of  this  group  are  the  superficial 
and  deep  flexors  of  the  fingers.  The  Superficial  Flexor  (flexor 
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sublimis  digitorum)  arises  from  the  inner  condyle  of  the 
humerus,  coronoid  process  of  the  ulna,  and  shaft  of  the  radius, 
as  a fleshy  mass  which  divides  about  the  middle  of  the  forearm 
into  four  tendons  arranged  in  two  pairs.  The  tendons  pass 
beneath  a fibrous  arch,  stretched  across  from  the  scaphoid  and 
trapezium  to  the  unciform  bone,  and  called  the  anterior  annular 
ligament;  on  reaching  the  palm  they  separate  to  pass  to  the 
four  fingers,  and  terminate  by  being  attached  to  the  middle 
phalanges  of  those  fingers.  Just  before  each  tendon  ends  it 
splits  and  allows  the  tendon  of  the  deep  flexor  to  pass  through 


Fig.  78.— Eoues  of  the  Fingers,  shewing  the  Attachment  of  the  Tendons.  In  a the  tendons 
are  enclosed  in  the  fibrous  sheath,  in  b the  sheath  has  been  removed. 

1,  Metacarpal  Ijone;  *2,  tendon  of  the  superficial  flexor;  3,  tendon  of  the  deep  flexor;  4,  tendon 
of  the  extensor  muscle  of  the  fingers;  5,  lumbricalis  muscle;  6,  interosseous  muscle  ; tendon 
of  deep  flexor  passing  through  a slit  in  that  of  the  superficial.  [Wilson.] 

it  (fig.  78*).  On  the  front  of  the  first  and  second  phalanges 
the  tendons  of  the  deep  and  superficial  flexors  are  contained 
in  small  canals  formed  in  part  by  the  groove  in  the  front  of 
the  bone  and  partly  by  fibrous  bands  thrown  across.  It  is  the 
existence  of  these  canals  and  their  great  strength  that  makes 
inflammation  along  the  tendons  of  the  fingers  so  very  painful, 
especially  in  that  form  of  the  disease  known  as  'whitlow. 

The  Deep  Flexor  (flexor  profundus  digitorum)  lies  beneath 
the  superficial;  it  springs  from  the  front  and  inner  side  of  the 
ulna,  and  divides  into  four  tendons  which  pass  beneath  the 
annular  ligament  into  the  palm;  at  the  middle  of  the  second 
phalanx  of  the  finger  each  tendon  passes  through  the  slit  in 
that  of  the  superficial  muscle,  and  goes  on  to  be  inserted  into 
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the  base  of  the  last  phalanx.  Tn  coimection  with  the  tendons 
of  the  deep  flexor  are  four  little  worm-like  muscles,  the  lum- 
bricales  (hmhricus,  an  earth-worm);  they  pass  from  these 
tendons  to  join  those  of  the  extensor  muscle  of  the  fingers 
(fig.  78,  5).  They  are  sometimes  named  fidicini  or  “fiddlers’ 
muscles”,  from  the  supposition  that  they  are  of  especial  service 
in  playing  the  violin. 

Besides  the  deep  flexor,  one  other  muscle  of  the  front  of 
the  forearm  does  not  extend  up  as  far  as  the  elbow,  this  is 
the  special  flexor  of  the  thumb  (flexor  longus  pollicis).  It 
springs  from  the  front  of  the  radius,  and  terminates  in  a round 
tendon  which  runs  beneath  the  annular  ligament  and  ends  by 
becoming  attached  to  the  last  phalanx  of  the  thumb.  It  is 
this  muscle  which  gives  to  the  thumb  the  power  of  individual 
flexion  of  the  terminal  phalanx. 

Muscles  and  Fascia  of  the  Palm  of  the  Hand. — The 

palm  has  a very  strong  layer  of  fascia,  the  palmar  fascia, 
situated  just  beneath  the  skin  and  intimately  connected  with 
it.  It  is  connected  above  with  the  palmaris  longus  muscle,  and 
is  also  attached  to  the  anterior  annular  ligament;  below  it 
spreads  out  in  a fan-like  manner,  and  divides  into  strands  which 
pass  to  the  ligaments  and  sheaths  of  the  tendons  of  the  fingers. 
It  has  beneath  it  the  nerves,  tendons,  and  arteries  of  the  palm. 
By  its  presence  it  keeps  the  tendons  in  place  when  the  muscles 
are  in  action,  and  causes  the  formation  of  the  hollow  of  the 
palm. 

The  muscles  of  the  palm  consist  of  (1)  a group  belonging  to 
the  thumb;  (2)  a group  belonging  to  the  little  finger;  and  (3) 
muscles  placed  between  or  upon  the  metacarj)al  bones. 

1.  The  muscles  of  the  Thumb  consist  of  an  opponent  muscle, 
which  is  used  in  bringing  the  tip  of  the  thumb  against  that  of 
each  of  the  other  fingers,  an  abductor,  a short  flexor,  and  an 
adductor. 

2.  The  muscles  of  the  Little  Finger  consist  of  an  abductor, 
which  is  a continuation  of  the  ulnar  carpal  flexor  from  the 
pisiform  bone  to  the  first  phalanx,  a short  flexor,  and  an 
opponent  muscle. 

( M 24) 
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3.  The  muscles  in  connection  with  the  Metacarpal  bones 

are  called  interosseous  ; they  are  seven  in  number.  Three, 
named  palmar  interosseous,  lie  on  the  palmar  face  of  the  bones; 
when  in  action  they  draw  the  first,  third,  and  fourth  fingers 
towards  the  middle  one,  or  are  adductors.  The  remaining  four 


Fig.  79.— Muscles  of 
Palm  of  Hand. 

1,  Flexor  carpi  radi- 
alis;  1',  flexor  carpi 

■ ulnaris ; 2,  anterior 
annular  ligament ; 

3,  palinaris  longus ; 

4,  palmaris  brevis ; 

5,  abductor  of  little 
finger;  6,  opponens  of 
little  finger ; 7,  7, 7, 
tendons  of  superficial 
flexor  of  Angers;  8, 
fibrous  case  for  ten- 
dons; 9,  tendon  of  su- 
perficial flexor  split- 
ting to  let  deep  flexor 
tendon  through;  10, 
anterior  ligament  of 
joint  of  finger;  11, 
deep  flexor  tendon 
(cut);  12,  12,  deep 
flexor  tendons  (un- 
cut) ; 13,  superficial 
flexor;  14,  ligament 
fixing  tendon  in  its 
sheath ; 15,  first  dor- 
sal interosseous  mus- 
cle ; 16,  lumbricalis 
muscle ; 17,  adductor 
of  thumb;  18,  short 
fiexor  of  thumb ; 19, 
abductor  of  thumb ; 
20,  opponens  of 
thumb ; 21,  extensor 
of  thumb.  [Morris.] 


are  called  dorsal  interosseous ; they  fill  the  interspaces  between 
the  metacarpals,  and  when  in  action  draw  the  first,  second, 
and  third  fingers  away  from  the  middle  line  of  the  hand,  or 
are  abductors. 

The  muscles  of  the  front  of  the  forearm  and  palm  of  the 
hand  get  their  nerve  supply  from  the  median  and  ulnar  nerves. 

Muscles  of  the  Back  of  the  Forearm  and  Hand.— 
Some  of  the  muscles  of  the  back  of  the  forearm  arise  from  the 
external  condyle  and  the  ridge  above  it,  others  are  connected 
only  with  the  back  of  the  bones  of  the  radius  and  ulna  and  the 
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interosseous  membrane;  they  are  thus  divisible  into  a super 
ficial  set  of  long  muscles  and  a deep  set  of  short  muscles. 

The  long  muscles  consist  of  the  following: — 

The  Long  Supinator  arises  from  the  upper  part  of  the  ridge 
above  the  .external  condyle  of  the  humerus,  and  passes  down 
the  outer  border  of  the  forearm  a little  towards  the  front;  it 
ends  in  a flat  tendon  wliich  is  inserted  into  the  styloid  process 
of  the  radius.  Although  named  supinator,  its  chief  action  is 
to  hex  the  forearm.  When  the  hand  is  pronated  it  takes  part 
in  the  early  stage  of  the  act  of  supination.  Its  nerve  supply  is 
the  musculo-spiral  nerve. 

Beneath  the  supinator  longus  are  the  two  radial  extensors  of 
the  carpus,  extensor  carpi  radialis  longior  and  extensor  carpi 
radialis  brevior;  the  former  is  attached  above  to  the  ridge 
above  the  external  condyle,  and  below  its  tendon  is  inserted 
into  the  l)ase  of  the  metacarpal  bone  of  the  index  finger;  the 
latter  passes  from  the  external  condyle  to  the  base  of  the 
metacarpal  bone  of  the  middle  finger.  Their  actions  are  indi- 
cated by  their  names  and  attachments. 

The  Common  Extensor  (extensor  communis  digitorum)  arises 
from  the  external  condyle  of  the  humerus,  becomes  tendinous 
about  the  upper  third  of  the  forearm,  and  divides  into  four 
tendons  for  the  four  fingers.  The  tendons  pass  beneath  a 
fascial  band,  the  posterior  annular  ligament,  at  the  back  of  the 
wrist,  then  diverge  from  each  other,  and  run  . over  the  posterior 
aspect  of  the  metacarpal  bones  to  reach  the  fingers.  Each 
tendon  spreads  out  over  the  l)ack  of  the  phalanges,  and  sup])lies 
the  place  of  a posterior  ligament  in  the  metacarpo-phalangeal 
and  inter-phalangeal  joints.  A little  beyond  the  base  of  each 
first  phalanx  the  extensor  tendon  receiVes  the  attachment  of 
the  lumbricalis  and  interosseous  muscles.  A special  slip  of  this 
muscle  forms  the  extensor  of  the  little  fijiger,  and  in  conse- 
quence that  finger  has  two  tendons. 

The  Ulnar  Carpal  Extensor  (extensor  carpi  ulnaris)  arises 
from  the  external  condyle  of  the  humerus  aud  back  of  the 
ulna,  and  is  inserted  into  the  base  of  the  metacarpal  bone  of  the 
little  finger. 
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The  short  muscles  of  the  back  of  the  forearm  are  as  follows : — 
The  special  extensors  of  the  thumb  are  three  in  number,  exten- 
sor ossis  metacarpi  pollicis,  extending  the  metacarpal  bone; 
extensor  primi  internodii  pollicis,  for  the  first  phalanx;  and 
the  extensor  secundi  internodii  pollicis,  for  the  terminal 
phalanx.  There  is  also  a special  extensor  of  the  index  finger 
(extensor  indicis). 

The  tendons  of  all  these  muscles,  excepting  the  supinator 
longus,  pass  through  tunnels  beneath  the ' posterior  annular 
ligament,  and  lie  in  grooves  on  the  back  of  the  radius  and  ulna- 
Muscles  of  the  Lower  Limb.^ — The  muscles  of  the  thigh 
are  very  large  and  powerful.  They  are  incased  in  what  is 
probably  the  strongest  fascia  in  the  body,  the  fascia  lata. 
This  fascia  is  especially  strong  on  the  outer  side  of  the  thigh, 
where  it  gives  attachment  to  two  muscles,  and  is  continued 
below  the  knee  to  the  tibia,  as  a ribbon-like  band,  the  ilio- 
tibial band.  A little  below  the  groin  is  an  opening  in  the 
fascia  called  the  saphenous  opening,  for  the  passage  of  internal 
saphena  vein;  through  this  weak  spot  one  form  of  2)rotrusion 
of  the  bowel,  called  femoral  hernia.,  takes  place. 

Muscles  of  the  Front  of  Thigh. — Passing  oblique  across 
the  front  of  thigh  is  a very  long  and  comparatively  narrow 
muscle,  the  sartorius;  it  arises  from  the  anterior  superior 
spine  of  the  ilium,  and  runs  downwards  and  inwards  (passing 
a little  behind  the  knee)  to  end  in  a flattened  tendon  which  is 
inserted  into  the  tibia  a little  internal  to  the  tubercle.  It  is 
the  muscle  used  in  crossing  the  legs,  hence  it  is  called  the 
tailor’s  muscle  (Lat.  sartor,  a tailor). 

The  great  mass  of  muscle  covering  the  front  of  the  femur 
forms  a complicated  arraiigement  very  difficult  to  divide  into 
separate  muscles.  It  is  consequently  described  under  one  title 
as  the  quadriceps  (four-headed)  extensor  muscle  of  the  thigh. 
The  most  distinct  portion  of  it  is  called  rectus ; it  springs  from 
the  anterior  inferior  spine  of  the  ilium  and  from  a rough 
impression  above  the  acetabulum,  and  passes  down  the  front  of 

* The  reader  is  referred  to  the  plate  at  the  end  of  the  hook  for  illustrations  of  these 
muscles. 
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the  -thigh  to  be  attached  to  the  upper  border  of  the  patella. 
Other  parts  of  the  muscle,  arising  from  the  shaft  of  the  femur, 
are  named,  vastus  externus,  vastus  internus,  and  crureus; 
they  also  are  inserted  into  the  patella.  From  the  patella  a 
thick  and  strong  ligament  passes  to  the  tubercle  of  the  tibia. 
This  process  of  bone  may,  therefore,  be  properly  regarded  as 
the  real  insertion  of  the  quadriceps,  and  the  knee-pan  as  a 
sesamoid  bone  formed  in  its  tendon. 

These  muscles  are  the  extensors  of  the  leg  upon  the  thigh, 
and  are  used  in  kicking;  the  rectus  also  flexes  the  thigh  on 
the  abdomen.  Their  nerve  supply  is  the  anterior  crural  nerve. 

On  the  inner  side  of  the  thigh  is  a definite  group  of  muscles, 
called  the  adductors  because  their  chief  action  is  to  draw  the 
leg  inwards  towards  the  middle  line  of  the  body.  They  are 
adductor  longus,  adductor  brevis,  adductor  magnus,  and 
gracilis;  they  are  connected  above  with  the  ramus  of  the 
ischium  and  pul)es,  and  terminate  below  in  the  linea  aspera  of 
the  femur,  excepting  the  gracilis,  which  runs  below  the  knee  to 
reach  the  tibia.  They  are  all  supplied  with  motor  power  by 
the  obturator  nerve. 

Muscles  of  the  Buttock  and  Back  of  Thigh.  — The 

buttock  is  formed  by  several  large  muscles  covered  by  a very 
thick  layer  of  fat.  The  chief  muscles  are  the  gluteal,  three  in 
number,  of  which  the  first  one  is  so  large  as  to  well  deserve 
the  distinctive  title  of  gluteus  maximus;  the  others  being 
named  gluteus  medius  and  gluteus  minimus.  They  are  all 
three  fan-shaped,  all  arise  from  the  outer  surface  of  the  ilium, 
and  are  all  inserted  into  the  femur.  They  are  the  chief  means 
by  which  the  erect  posture  is  maintained,  and  this  explains  why 
they  are  so  much  more  developed  in  man  than  in  other  animals. 
They  also  abduct  the  thigh. 

Beneath  them  are  a number  of  small  muscles  used  for  rotat- 
ing the  thigh  outwards,  whose  names  it  is  not  necessary  here  to 
specify. 

The  muscles  of  the  back  of  the  thigh  form  a group  known 
as  the  ham-strings,  because  their  tendons  form  the  lateral 
boundaries  of  the  j^opUteal  space  or  ham.  They  are  the 
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semi-membranosus,  semi-tendinosus,  and  biceps.  They  all 
spring  from  the  tuberosity  of  the  ischium,  the  first-named  by 
itself,  and  the  last  two  by  a common  origin.  The  semi-mem- 
branosus and  semi-tendinosus  form  the  inner  ham-strings,  and 
are  inserted  into  the  tibia.  The  biceps  forms  the  outer  ham- 
string ; as  its  name  indicates,  it  has  two  heads,  one  arising  with 
the  semi-tendinosus  from  the  tuberosity  of  ischium,  the  other 
from  the  back  part  of  the  femur;  it  is  inserted  into  the  head  of 
the  fibula.  These  muscles  Hex  the  knee  and  extend  the  hip;  in 
the  latter  action  the  mechanism  is  that  of  a lever  of  the  first 
order.  They  are  supplied  by  the  great  sciatic  nerve. 

Muscles  of  the  Leg*. — On  the  front  of  the  leg,  between 
the  knee  and  ankle,  there  are  only  three  muscles  of  any  im- 
portance— the  anterior  tibial,  long  extensor  of  the  toes  (exten- 
sor longus  digitorum)  and  special  extensor  of  the  big  toe. 

The  Anterior  Tibial  (tibialis  anticus)  has  a long  tendon 
which  passes  in  front  of  the  internal  malleolus  of  the  tibia  to 
the  foot,  where  it  is  inserted  into  the  internal  cuneiform  bone 
and  base  of  the  metatarsal  of  the  big  toe.  It  drav's  up  the  inner 
border  of  the  foot,  and  is  one  of  the  means  by  which  the  arch 
is  sup})orted. 

The  Long  Extensor  also  ends  in  a long  tendon;  this  passes 
beneath  a band  of  fascia  in  front  of  the  ankle,  called  the  anterior 
annular  ligament,  and  on  the  back  of  the  foot  divides  into  four 
tendons  for  the  four  outer  toes.  Its  name  indicates  its  use. 

The  Special  Extensor  of  the  Big  Toe  also  passes  beneath  the 
anterior  annular  ligament,  and  terminates  by  being  attached 
to  the  phalanges  of  the  big  toe. 

On  the  back  of  the  foot  there  is  a short  extensor  of  the 
toes.  This  arises  as  a small  fleshy  mass  from  the  os  calcis,  and 
the  four  little  tendons  derived  from  it  go  to  the  four  greater 
toes. 

On  the  back  of  the  leg  the  most  important  muscles  are  those 
of  the  calf;  they  are  the  gastrocnemius  and  soleus. 

The  Gastrocnemius  forms  the  great  part  of  the  calf.  It  is 
attached  above  by  two  heads  to  the  back  of  the  lower  end  of 
the  femur,  immediately  above  the  condyles,  and  ends  by  form- 
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ing  with  the  soleus  the  reiiiarkahle  tendon  at  the  hack  of  the 
ankle,  the  tendo  Achillis. 

The  Soleus  does  not  extend  above  the  knee-joint;  it  arises 
from  the  back  of  the  tibia  and  head  of  the  fibula,  and  termin- 
ates in  the  tendo  Achillis.  That  tendon  is  the  thickest  and 
strongest  in  the  body,  being  capable  of  supporting  considerably 
more  than  the  total  weight  of  the  person.  It  is  inserted  into 
the  prominent  projecting  tuberosity  of  the  heel-bone  (os  calcis). 

A very  small  muscle,  called  the  plantaris,  is  associated  with 
the  gastrocnemius  and  soleus;  it  arises  as  a small  fleshy  mass 
from  above  the  external  condyle  of  the  femur,  and  forms  a long 
and  very  thin  tendon  which  passes  between  the  muscles  of  the 
calf  to  become  attached  to  the  heel-bone. 

The  muscles  of  the  calf  are  so  strongly  developed  because 
they  are  the  means  by  which  the  body  is  raised  and  projected 
forwards  in  walking  or  running. 

Beneath  the  calf  lie  the  flexor  muscles  of  the  ankle  and  foot, 
attached  to  the  back  of  the  tibia  and  filnda.  They  corres- 
pond with  the  extensors  oii  the  front  of  the  leg,  and  are  the 
posterior  tibial,  long  flexor  of  the  toes,  and  special  flexor  of  the 
big  toe. 

The  Posterior  Tibial  muscle  (tibialis  posticus)  ends  in  a long 
tendon,  which  passes  behind  the  internal  malleolus  of  the  tibia 
to  the  foot,  whei'e  it  is  inserted  into  the  scaphoid  and  internal 
cuneiform  bones.  It  draws  up  the  inner  border  of  the  foot,  and 
is  the  chief  means  by  which  the  arch  is  supported. 

The  Long  Flexor  also  ends  in  a long  tendon,  which  passes 
round  the  inner  ankle  to  I'each  the  sole  of  the  foot.  Here  it 
forms  a connection  with  the  s})ecial  flexor  of  the  big  toe  and 
with  a muscle  of  the  foot  called  the  accessory  muscle,  and  ends 
in  four  tendons  for  the  four  lesser  toes. 

The  tendon  of  the  special  flexor  of  the  big  toe  runs  be- 
hind the  inner  ankle,  and,  passing  into  the  sole  of  the  foot, 
terminates  by  being  attached  to  the  base  of  the  last  phalanx  of 
the  big  toe.  The  action  of  these  two  muscles  is  indicated  by 
their  names. 

On  the  outer  side  of  the  leg  are  two  long  muscles  covering 
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the  fibula,  and  named  from  this  attachment  (Gk.  fjermce,  the 
fibula)  the  peroneiis  longus  and  brevis.  They  have  long 
tendons,  which  run  round  the  outer  ankle  to  the  foot,  the 
shorter  muscle  being  inserted  into  the  base  of  the  metatarsal 
bone  of  the  little  toe,  and  the  longer  into  that  of  the  big  toe; 
the  latter  crosses  the  under  surface  of  the  foot  in  a groove 
formed  chiefly  in  the  cuboid  bone.  These  muscles  raise  the 
outer  edge  of  the  foot,  and  are  instrumental  in  maintaining  the 
outer  arch. 

Muscles  of  the  Foot. — These  bear  a general  resemblance 
to  those  of  the  hand.  Thus,  there  is  an  abductor,  a short 
flexor,  and  an  adductor  of  the  big  toe,  and  an  abductor  and 
a short  flexor  of  the  little  toe;  there  is  no  opponent  muscle, 
and  the  power  the  thumb  possesses  of  opposing  to  each  of  the 
fingers  is  altogether  wanting  in  the  big  toe.  Again,  there  are 
three  plantar  and  four  dorsal  interosseous  muscles,  and  their 
connections  and  actions  correspond  with  those  of  the  interosse- 
ous of  the  hand,  with  this  exception,  that  the  middle  line  of  the 
foot  runs  through  the  second  toe,  that  of  the  hand  through  the 
third  finger.  The  muscles  of  the  foot  unrepresented  in  the 
hand  are  the  flexor  brevis  digitorum,  which,  however,  takes 
the  place  of  the  superficial  flexor  of  the  forearm  and  hand,  the 
accessory  muscle  already  mentioned,  and  a small  transverse 
muscle  (transversus  pedis),  crossing  the  heads  of  the  meta- 
tarsal bones. 
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The  heart,  the  organ  by  means  of  which  the  blood  is 
propelled  to  every  part  of  the  body,  is  composed  of  striped 
muscle,  differing,  however,  in  many  important  respects  from 
the  muscle  which  forms  the  organs  of  locomotion  (see  p.  22). 

It  is  situated  in  the 
chest  between  the 
lungs,  and  is  partly 
overlapped  by  them. 

It  is  somewhat  cone- 
shaped,  with  the  base 
directed  upwards  and 
a little  backwards,  and 
the  apex  downwards 
and  forwards.  The 
heart  is  placed  more 
to  the  left  than  to  the 
right,  extending  for 
about  an  inch  to  the 
right  of  the  breast-bone 
and  two  and  a half 


inches  to  the  left.  To  rig.  so.— The  Positiou  of  the  Heart  ami  Lungs. 

The  lungs  are  represented  shaded  and  drawn  aside  by  hooks 
to  show  the  extent  of  the  heart,  which  is  mapped  out  by 
continuous  lines,  c shows  the  position  of  the  collar-bone, 
and  1, 2, 3,&c.,  indicate  the  ribs.  The  outline  of  the  breast- 
bone and  ribs  in  dotted  lines  marks  the  parts  that  would 
require  to  be  removed  to  expose  the  heart  fully  in  the  body. 
X points  to  the  apex  of  the  heart,  occupying  a position  be- 
tween the  fifth  and  sixth  ribs.  Th.  is  the  thyroid  gland. 

level  with  the  upper  Ijorder  of  the  third  costal  cartilage,  and 
another  at  the  union  of  the  sternum  and  xiphoid  cartilage; 
these  will  mark  out  the  upper  and  lower  limits  of  the  heart. 
Next  draw  a vertical  line  an  inch  outside  the  right  border  of 
the  sternum,  and  another  2h  inches  outside  the  left  border: 


map  out  on  the  chest- 
wall  the  position  of  the 
heart  in  a healthy  j)er- 
son,  draw  first  a line 
across  the  chest  on  a 
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these  will  mark  the  extreme  lateral  limits.  By  rounding  the 
angles  of  this  square  a fair  representation  of  the  area  occupied 
by  the  heart  will  be  obtained.  The  apex  of  the  heart  is  felt 
beating  in  the  space  between  the  fifth  and  sixth  ribs,  on  the  left 
side,  about  an  inch  below  the  nipple,  and  nearer  the  middle  line. 

When  the  lungs  are  fully  expanded  the  portion  of  the  heart 
uncovered  is  not  larger  than  a circle  with  a diameter  of  an 
inch  and  a half. 

The  heart  varies  in  size  in  different  persons,  and  is  usually 
smaller  in  the  female  than  in  the  male.  On  an  average  it  is 
about  5 inches  long,  3|-  inches  broad,  and  inches  thick,  and 
may  be  roughly  stated  to  be  the  size  of  the  closed  fist  of  the 
individual.  Its  weight  is  about  eleven  ounces  in  the  male  and 
nine  in  the  female. 

It  is  kept  in  its  place  by  the  great  vessels  entering  and  leav- 
ing it;  these  are  all  situated  at  the  base,  the  whole  of  the  rest 
of  the  organ  is  consequently  free.  It  is  enclosed  in  a mem- 
branous l)ag,  the  pericardium.  This  is  really  a double  layer 
of  membrane,  one  portion  forming  the  containing  sac  and  the 
other  covering  the  surface  of  the  heart;  between  the  two  a 
small  quantity  of  serous  fluid  is  poured  out,  the  pericardial 
fluid,  which  serves  to  lubricate  the  membrane  and  permit  of 
the  movements  of  the  heart  taking  place  without  undue  fric- 
tion. The  pericardium  passes  on  to  the  roots  of  the  great 
vessels  at  the  base  of  the  heart,  and  it  is  here  that  the  two 
layers  become  continuous.  The  lower  part  of  the  pericardial 
sac  is  attached  to  the  upper  surface  of  the  central  tendon  of 
the  diaphragm,  and  rises  and  falls  to  a limited  extent  with  the 
action  of  that  muscle. 

The  heart  is  much  thicker  on  the  left  side  than  on  the  right, 
because  the  former  has  to  propel  the  blood  throughout  the 
body  (greater  circulation),  while  the  latter  only  has  to  send  it 
through  the  lungs  (lesser  circulation).  The  interior  is  hol- 
lowed out  into  chambers  or  cavities,  lined  with  a delicate  serous 
membrane,  the  endocardium;  and  the  same  structure  forms 
the  valves  which  determine  the  course  the  circulation  shall 
take.  In  addition  to  the  muscular  tissue,  and  the  serous  mem- 
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branes  on  the  outside  and  inside,  the  heart-wall  contains  fibrous 
tissue,  fat,  blood-vessels,  lymphatics,  and  nerves.  The  muscular 
fibres  are  disposed  in  a very  complex  fashion,  the  several  layers 
being  more  or  less  spiral  in  arrangement.  On  the  surface  (fig. 
81,  a little  above  C.?'.),  it  will  be  noted  that  a groove  runs 
transversely  around 
the  organ  a little 
below  its  base,  and 
another  (C./.)  runs 
obliquely  downwards 
from  base  to  apex, 
both  on  the  front 
and  back  of  the  heart. 

The  organ  is  thus 
divided  into  four 
portions,  which  cor- 
respond to  the  four 
chambers  in  its  inte- 
rior, the  right  and 
left  auricle  and  the 
right  and  left  ven- 
tricle. The  trans- 
verse groove  is  the 
auriculo  -ventricular 
groove.  It  has  lying 
in  it  the  arteries, 
veins,  and  nerves 
for  the  supply  of 
the  heart-wall.  The 
oblique  groove  is 
the  inter- ventricular 


rig.  81. — The  Heart. 


A and  IJ,  riglit  and  left  ventriele.s;  C and  1),  right  and  left 
auricles;  E,  aorta;  F,  imlnionary  artery;  (1,  innominate  artery, 
branch  of  aorta;  H,  right  and  left  carotid  branches  (to  head 
and  neck);  1,1,  sut)clavian  branches  (to  ui)i)er  limbs);  K, 
superior  vena  cava;  E,  pulmonary  veins ; C.r.,  right  coronary 
vessels;  G.I.,  left  coronary  vessels. 


groove,  and  in  like  manner  lodges  arteries,  veins,  and  nerves. 
The  auricles  are  distinguished  externally  l>y  possessing  ear-like 
processes,  the  auricular  appendages  (Lat.  auricula,  a little  ear), 
jirojecting  from  their  upper  part,  and  partly  obscuring  the  base 
of  the  great  vessels. 

Passing  into  the  right  auricle  two  large  veins  are  seen,  one 
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above,  the  superior  vena  cava  (fig.  81,  k),  and  the  other  below, 
the  inferior  vena  cava;  they  carry  the  venous  blood  into  the 
heart.  On  the  left  side  of  the  superior  cava  is  the  large  artery 
of  the  body,  the  aorta;  it  springs  from  the  left  ventricle,  aiid 
turns  first  to  the  right,  then  upwards  and  to  the  left,  so  as  to 
form  an  arch.  Lying  across  the  root  of  the  aorta  is  a large 

vessel,  proceeding  from 
the  right  ventricle  and 
passing  upwards  and  to 
the  left;  it  is  the  pul- 
monary artery,  and  con- 
veys the  blood  to  the 
lungs.  Beneath  the  arch 
of  the  aorta  it  divides 
into  two  branches,  one 
for  each  lung.  At  the 
back  of  the  heart  four 
vessels  are  found  pass- 
ing into  the  left  auricle; 
they  are  the  pulmonary 
veins,  which  carry  the 
purified  blood  back  to 
the  heart  from  the  lungs. 

The  front  of  the  heart 
is  chiefly  formed  by  the 
wall  of  the  light  ven- 
tricle, but  the  apex  is 
formed  by  the  left  ventricle;  the  right  border  is  formed  by 
right  auricle,  the  left  by  left  ventricle,  and  the  posterior  surface 
mainly  by  left  auricle  and  left  ventricle. 

Interior  of  the  Heart. — The  four  cavities  of  the  heart 
are  probably  all  of  equal  capacity,  but  the  auricles  generally 
have  the  appearance  of  being  smaller  than  the  ventricles. 

The  Right  Auricle  receives  the  blood  from  the  two  vense  cavse 
and  from  the  substance  of  the  heart  itself.  In  the  appendix 
the  interior  is  marked  by  peculiar  raised  muscular  bands 
arranged  like  the  teeth  of  a comb  (musculi  pectinati).  The 


Fifj.  82.— The  Heart  opened  to  show  its  Chambers. 


A and  B,  Right  and  left  ventricles ; C and  D,  right  and 
left  auricles;  E,  tricuspid,  and  F,  mitral  valves ; G,  pul- 
inoiiarj'  artery;  H,  aorta;  1,  orifice  of  inferior  vena 
cava;  K,  superior  vena  cava;  L,  L,  orifices  of  pulmonary 
veins ; M,  termination  of  septum ; F,  papillary  muscle. 
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opening  between  the  auricle  and  ventricle  is  of  sufficient  size 
to  admit  three  fingers. 

The  Right  Ventricle  has  on  its  wall  a great  number  of  irreg- 
ular prominences,  formed  by  the  muscular  wall,  covered  by 


a 


endocardium  (col- 
umnae  carneae ). 

Two  of  these,  named 
musculi  papillares, 
are  only  attached 
by  one  end  to  the 
wall  and  by  the 
other  are  connected 
with  the  valve  se<jf- 
ments  by  fine  ten- 
dinous cords.  The 
auriculo  - ventricu  - 
lar  valve,  which 
serves  when  brought 
into  action  to  close 
the  opening  between 
the  auricle  and  ven- 
tricle, is  of  three 
flaps  or  segments 
and  hence  is  known 
as  the  tricuspid 
valve.  At  the 
upper  part  of  the 
ventricle  a funnel- 
shaped  prolongation 
of  the  cavity  is  con- 
tinued upwards  to 

the  pulmonary  artery;  it  is  called  the  conus  arteriosus,  and 
is  distinguished  from  the  rest  of  the  ventricular  cavity  by  its 
walls  being  quite  smooth  and  free  from  projections.  At  the 
commencement  of  the  pulmonary  artery  are  three  small  valvular 
folds,  called  semilunar  valves,  formed  of  endocardium,  strength- 
ened by  a little  fibrous  tissue.  They  correspond  in  their  posi- 


Fig.  83.— I’ortion  of  the  wall  of  tlie  right  ventricle,  d,  d\  and 
aorta,  a,  h,  c,  showing  attachment  of  one  liai>  of  the  mitral  and 
the  aortic  valves;  h and  g,  musculi  papillares;  e,  e', /,  attach- 
ment of  chordae  tendineae. 
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tioii  to  slight  pouches  in  the  wall  of  the  pulmonary  artery 
(sinuses  of  Valsalva),  and  when  closed  they  so  completely 
shut  otf  that  vessel  from  the  ventricle  as  entirely  to  prevent 
the  blood  returning  to  the  heart.  Thus  they  only  permit  the 
blood  to  pass  in  one  direction,  namely  away  from  the  heart. 

The  Left  Auricle  is  situated  at  the  back  of  the  base  of  the 
heart.  It  has  entering  into  it  the  four  pulmonary  veins. 

The  Left  Ventricle  much  resembles  the  right,  but  its  walls 
are  much  thicker,  the  muscular  prominences  are  more  marked, 
and  the  musculi  papillares  arc  more  pronounced.  The  auriculo- 
ventricular  valve  has  only  two  flaps,  and  is  called  mitral,  from 
its  supposed  resemblance  to  a bishop’s  mitre.  The  conus 
arteriosus  leads  up  to  the  commencement  of  the  aorta,  at  the 
opening  of  which  there  are  semilunar  valves,  similar  to  those 
in  the  pulmonary  artery,  but  thicker  and  stronger.  The  re- 
cesses corresponding  to  the  valves  (sinuses  of  Valsalva)  are 
distinct  and  large.  In  two  of  them  there  are  openings  forming 
the  commencement  of  the  coronarv  arteries — the  vessels  for 

t' 

the  supply  of  the  heart  structure. ^ 

Between  the  cavities  of  the  two  sides  of  the  heart  is  a strong 
wall,  formed  of  muscle,  constituting  the  septum:  it  forms  a 
complete  division  even  in  the  child,  but  before  the  time  of 
birth  a communication  exists  between  the  two  auricles  by 
means  of  a large  foramen  through  the  auricular  septum. 

The  nerves  of  the  heart  are  derived  from  the  vagus  nerve 
and  sympathetic ; they  are  distributed  beneath  the  pericardium 
on  the  surface  of  the  organ,  and  have  in  their  course  numerous 
small  ganglia. 

ARTERIES. 

Arteries  are  the  vessels  which  carry  the  blood  from  the 
heart  to  the  tissues;  their  structure  has  been  already  described 
(p.  25). 

Aorta. — This  is  the  great  vessel  which  springs  from  the  left 

1 The  course  of  the  circulation  and  tlie  mode  in  which  the  valves  act  in  directing  the 
stream  is  not  here  described,  as  such  details  are  physiological,  not  anatomical.  The 
reader  will  find  these  matters  fully  discussed  in  the  Elementary  Text-Book  of  Physi- 
ology, by  Dr.  J.  ‘Gregor  Robertson,  ijublished  in  the  same  series  as  the  ju’esent  work. 


ARTERIES. 
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ventricle  of  the  heart  and  forms  the  main  trunk  from  wliich, 
directly  or  indirectly,  all  the  systemic  artei’ies  are  derived. 
At  its  origin  from  the  heart  it  is  on  a level  with  the  sixth  dorsal 
vertebra,  and  there  presents  the  three  dilatations  already  men- 
tioned, the  sinuses  of  Valsalva,  corresponding  to  the  semilunar 
valves.  It  at  first  })asses  upwards  and  to  the  right,  then  curves 
backwards  and  to  the  left,  and  descends  on  the  left  side  of  the 
vertebral  column  to  the  body  of  the  fourth  lumbar  vertebra, 
where  it  divides  into  two  large  trunks  for  the  su})ply  of  the 
two  lower  extremities.  It  is  divided  into  the  arch  of  the  aorta, 
the  thoracic  aorta,  and  the  abdominal  aorta. 

The  Arch  of  the  Aorta  has  arising  from  its  upper  surface 
the  three  great  arteries  for  the  head  and  neck  and  the  upper 
extremities,  viz.,  going  to  the  right  side,  the  innominate  artery, 
and  going  to  the  left,  the  left  common  carotid  and  left  sub- 
clavian. Beneath  the  arch  lie  the  pulmonary  artery,  the  left 
bronchus,  the  recurrent  branch  of  the  left  vagus  nerve,  and 
numerous  nerves  passing  to  the  heart  (cardiac  plexus).  In 
front  it  is  covered  by  the  left  lung  and  pleura,  left  phrenic 
and  vagus  nerves,  cardiac  nerves  going  to  the  heart,  and  some 
veins. 

The  first  branches  given  off  from  the  arch  are  the  Coronary 
arteries,  for  the  supply  of  the  structure  of  the  heart  itself. 
They  are  given  off  immediately  al)Ove  the  semilunar  valves, 
and  run  in  the  auriculo-ventricular  and  interventricular  »;rooves 
on  the  surface  of  the  organ,  and  divide  into  branches  which  are 
distributed  to  the  muscular  fibres. 

The  next  branch  is  the  Innominate  (nameless),  a large  but 
short  trunk  passing  upwards  to  the  root  of  the  neck,  and 
dividing,  behind  the  right  sterno-clavicular  joint,  into  the  right 
common  carotid  and  right  subcla^  iaTi  arteries. 

The  Right  Common  Carotid  artery  passes  uj)  the  neck,  by 
the  side  of  the  wind-pipe  and  gullet,  to  a level  with  the  up])er 
part  of  the  larynx  (voice-box),  where  it  divides  into  the  external 
and  internal  carotid  arteries.  In  the  lower  part  of  the  neck 
it  is  deeply  placed,  and  is  covered  by  the  sterno-mastoid  and 
other  muscles  connected  with  the  sternum;  as  it  ascends  it 
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comes  nearer  to  the  surface,  and  can  be  easily  felt,  and  in  thin 
persons  can  be  seen  pulsating.  It  gives  off  no  branch  but  the 
two  terminal  ones  mentioned. 

The  Right  Subclavian  forms  an  arch  in  the  lower  part  of  the 
neck  and  extends  from  the  sterno-clavicular  joint  to  the  lower 
border  of  the  first  rib;  it  can  be  felt  pulsating  behind  and  a 
little  above  the  clavicle,  and  can  be  easily  compressed  there 
against  the  first  rib  on  which  it  lies.  This  is  a ready  and  effec- 
tive means  of  controlling  bleeding  from  any  part  of  the  upper 
limb.  Under  the  name  of  axillary  it  is  continued  into  the 
arm-pit,  and  is  the  main  vessel  for  the  supply  of  blood  to 
the  arm.  In  its  course  it  gives  off  the  following  important 
branches : — 

a.  Vertebral.  , 

h.  Internal  Mammary. 

c.  Thyroid  Axis. 

d.  Superior  Intercostal. 

The  Vertebral  artery  is  a very  long  branch,  whose  import- 
ance consists  in  the  fact  that  it  is  one  of  the  chief  means  by 
which  the  brain  is  supplied  with  blood.  It  passes  up  the  neck 
in  the  foramina  in  the  transverse  processes  of  the  cervical  ver- 
tebrse  (except  the  seventh),  winds  round  the  upper  articular 
process  of  the  atlas  to  reach  the  upper  surface  of  the  posterior 
arch  of  that  bone,  then  enters  the  spinal  canal  by  piercing  the 
membranes,  and  passes  up  beside  the  medulla  oblongata  to  the 
under  surface  of  the  brain.  On  reaching  the  back  of  the  pons 
Varolii  the  arteries  of  the  two  sides  unite  to  form  a common 
trunk,  the  basilar,  from  which  branches  are  given  off  to  the 
brain,  some  of  them  uniting  with  arteries  derived  from  the 
internal  carotid  to  form  a circle  of  arterial  communication 
named  the  circle  of  JVillis.  In  its  course  upwards  the  verte- 
bral artery  gives  off  branches  to  the  spinal  cord  and  muscles  of 
the  neck. 

The  Basilar  artery  formed  by  the  union  of  the  two  vertebrals 
lies  on  the  under  surface  of  the  pons  Varolii,  and  at  the  front 
of  that  structure  divides  into  four  branches,  two  on  each  side; 
these  are  the  two  superior  cerebellar  arteries  and  the  two 
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1,  Digastric  muscle;  2,  submental  artery; submaxillary  gland;  4.  mylo-hyoid  m\iscle;  5,  extenial 
carotid  artery;  6,  hyoid  bone;  7,  internal  caroti<l  artery;  8,  tbyro-byoid  muscle;  9,  thyroid  car- 
tilage; 10,  superior  thyroid  artery;  11,  right  eonimon  carotid  artery;  12,  cricoid-thyroid  muscle; 
13,  thyroid  body;  14,  cricoid  cartilage;  15,  inferior  tbyi'oid  artery;  l(i,  left  common  carotid;  17, 
thyroid-axis;  18,  trachea;  19,  vertebral  artery;  20,  left  subclavian  artery;  21, right  subclavian; 
22,  internal  mammary  artery;  23,  innominate  artery;  24,  upi>cr  lobe  of  left  lung;  25,  upper 
lobe  of  right  lung:  26,  arch  of  aorta;  27,  middle  lobe  of  right  lung;  28,  pulmonary  artery; 
29,  lower  lobe  of  right  lung:  30,  right  auricle:  31,  diaphragm:  32,  right  ventricle;  34,  lower 
lobe  of  left  lung,  [AVilson.  | 

( M 24  ) H 


Fig,  84.— Heart  and  CJrcat  Vessels. 
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posterior  cerebral  arteries.  Each  posterior  cerebral  receives  a 
small  branch,  the  posterior  communicating  from  the  internal 
carotid,  and  in  this  way  the  circle  of  Willis  is  completed. 
The  basilar  gives  off  twigs  to  the  pons,  and  a small  branch  to 
accompany  the  auditory  nerve  to  the  internal  ear,  and  hence 
called  auditory  artery. 

The  Internal  Mammary  artery  is  also  a very  long  branch; 
it  descends  on  the  inner  surface  of  the  chest  wall,  lying  against 
the  costal  cartilages.  AVhen  it  reaches  the  diaphragm  it 
divides  into  two  terminal  branches:  one  running  along  the  line 
of  attachment  of  the  diai)hragm  to  the  ribs  and  supplying  it 
(musculo-phrenic);  and  the  other  (superior  epigastric)  enter- 
ing the  sheath  of  rectus  muscle  of  the  abdomen  to  supply  that 
muscle,  and  communicate  with  the  deep  epigastric  branch  of 
the  external  iliac  artery.  As  the  internal  mammary  descends 
it  gives  off  branches  to  the  intercostal  spaces,  pericardium,  and 
other  structures  in  the  neighbourhood. 

The  Thyroid  Axis  is  a short  trunk  which  divides,  immediately 
after  its  oi'igin,  into  three  branches.  One  of  these,  the  inferior 
thyroid,  j)asses  behind  the  common  carotid  to  reach  the  wind- 
pipe and  gullet,  to  which,  and  to  the  thyroid  body,  it  is  dis- 
tributed. The  other  two  branches  supply  the  lower  part  of 
the  neck  and  the  shoulder. 

The  superior  intercostal  artery  supplies  some  of  the  muscles 
of  the  neck  and  the  two  upper  intercostal  spaces. 

The  second  branch  of  the  arch  of  the  aorta  is  the  Left  Com- 
mon Carotid.  After  passing  upwards  in  the  thorax  for  about 
one  and  a half  inches,  it  runs  behind  the  left  sterno-clavicular 
joint,  and  from  this  point  to  its  termination  corresponds  in 
every  particular  with  its  fellow  of  the  opposite  side.  The  only 
distinction  between  the  right  and  left  common  carotid  arteries 
is,  therefore,  that  the  former  arises  from  the  innominate  artery, 
the  latter  from  the  arch  of  the  aorta. 

The  Left  Subclavian  artery  is  the  third  branch  of  the  arch 
of  the  aorta.  It  corresponds  in  every  particular  with  the  right 
artery,  excepting  that  it  arises  from  the  arch  instead  of  from 
the  innominate,  and  is  consequently  about  two  inches  longer. 


ARTERIES. 


115 


Carotid  Arteries. — Opposite  the  upper  border  of  the  chief 
cartilage  of  the  larynx  the  common  carotid  divides  into  two 
branches,  the  external  carotid  and  the  internal  carotid. 

The  External  Carotid  is  really  the  more  internal  of  the  two 
at  its  commencement,  but  it  gets  its  name  from  the  fact  that  it 
is  distributed  to  the  external  parts  of  the  head  and  face.  It 


Fig.  85.  - Distribution  of 
Facial  Artery. 

1, Orbicularis  palpebrarum; 
2,  zygomaticus  minor; 
2',  zygomaticus  major ; 
.3,  buccinator;  4,  masse- 
ter;  5,  facial  artery;  6, 
external  carotid  artery ; 

7,  posterior  belly  of  di- 
gastric; 7',  anterior  belly; 

8,  hypoglossal  nerve;  !), 

platysma;  10,  depressor 
of  angle  of  mouth;  11, 
inferior  labial  arteries; 
12,  inferior  coronary;  12'. 
superior  coronary ; 13, 

facial  and  infraorbital 
branches  communicat- 
ing; 14,  elevator  of  uitper 
lip  and  ala  of  nose;  15, 
branches  to  nose ; 16,  in- 
fraorbital foramen ; 17, 
angular  artery ; 18,  com- 
munication with  oph- 
thalmic; 19,  lingual  ar- 
tery; 20,  transverse  facial; 
21,  communication  l>e- 
tween  facial  and  trans- 
verse facial.  [Morris.] 


passes  upwards  behind  the  ramus  of  the  lower  jaw,  and  ends 
in  the  substance  of  the  parotid  gland,  by  dividing  into  two 
terminal  branches.  The  arteries  derived  from  the  external 
carotid  are: — 

a.  Superior  Tli3Toid. 

b.  Lingual. 

c.  Facial. 

d.  Occipital. 

e.  Posterior  Auricular. 

/.  Superficial  Temporal. 

(j.  Internal  Maxillary. 

h.  Ascending  Pharyngeal. 
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The  Superior  Thyroid  artery  goes  to  the  thyroid  body,  and 
the  interior  and  exterior  of  the  larynx. 

The  Lingual  artery  (as  its  name  indicates)  supplies  the 
muscles  which  move  the  tongue,  the  substance  of  that  organ 
itself,  and  in  part  the  salivary  glands. 

The  Facial  artery  winds  round  the  lower  jaw,  a little  in  front 
of  the  angle,  to  reach  the  face;  it  runs  up  to  the  corner  of  the 
mouth,  thence  to  the  ala  of  the  nose,  and  from  there  to  the 
angle  of  the  eye.  It  supplies  the  structures  of  the  face  with 
blood,  and  forms  a free  communication  with  arteries  in  the 
neighbourhood;  as  a consequence,  the  face  has  a very  copious 
supply  of  blood,  and  bleeds  very  easily  when  injured. 

The  Occipital  is  a branch  of  considerable  size  going  to  the 
muscles  of  the  neck  and  back  of  the  head,  and  terminating  in 
the  scalp. 

The  Posterior  Auricular  is  mainly  distributed  to  the  exter- 
nal ear. 

The  Superficial  Temporal,  one  of  the  terminal  branches, 
given  off  when  the  carotid  is  in  the  substance  of  the  parotid 
gland,  passes  up  to  the  side  of  the  head  in  the  temporal  region, 
and  there  branches  to  l)e  distributed  to  the  scalp.  This  vessel 
is  so  superficial  as  to  be  readily  felt  pulsating,  and  in  old  per- 
sons often  becomes  tortuous  and  visible ; it  is  the  cause  of  the 
throbbing  sensation  in  congestive  headache. 

The  Internal  Maxillary  artery  (also  a terminal  branch) 
passes  inwards  behind  the  neck  of  the  lower  jaw  to  reach  the 
deep  structures  of  the  face.  It  is  distributed  to  the  muscles 
and  nen^es  of  mastication,  the  cavities  of  the  face  and  nose,  and 
the  upper  and  lower  teeth,  forming  numerous  communications 
with  the  facial  artery. 

The  Pharyngeal  lu’anch,  as  its  name  implies,  goes  to  the 
muscles  and  other  structures  of  the  pharynx  or  food-bag. 

Internal  Carotid. — This  artery  lies  to  the  outer  side  of  the 
external  carotid  where  they  spring  from  the  common  carotid. 
It  is  dilated  and  a little  tortuous  at  its  origin,  and  runs  up  the 
neck,  much  more  deeply  situated  than  the  external  carotid,  to 
the  base  of  the  skull,  where  it  passes  through  a canal  in  the 
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petrous  portion  of  the  temporal  bone  to  reach  the  cranial  cavity. 
It  gives  oft'  no  branches  in  the  neck.  In  the  skull,  its  first 
large  branch,  the  ophthalmic,  goes  to  the  eye-socket  (orbit),  dis- 
tributing twigs  to  the  eyeball,  its  mnscles,  the  fat  around  the 
eye,  the  eyelids,  tear  gland,  &c.  The  largest  and  most  import- 
ant branches  of  the  internal  carotid  are  given  to  the  under- 
surface, front,  and  middle  of  the  great  brain  (cerebrum);  they 


Fig.  86.— Arteries  of  Face 
aud  Side  of  Head. 

1,  Facial  artery;  2,  inferior 
labial;  2',  inferior  coronary; 
3,  facial  artery  at  angle  of 
moiab  ; 4,  superior  coronary; 
.5,  lateral  nasal ; 6,  frontal 
branch  of  ophthalmic ; 7,  in- 
ternal carotid ; 8,  external 
carotid;  9,  division  of  ex- 
ternal carotid  into  temporal 
and  internal  maxillary ; 10, 
superficial  temporal ; 11, 

masseteric  branch  of  exter- 
nal carotid:  12,  internal 

maxillary;  13,  13,  middle 
meningeal;  14,deep  temporal; 
15,  pterygoid  branches;  16, 
buccal  branch  ; 17,  superior 
dental ; 18,  branches  of  infra- 
orbital artery.  Lt^uain,  after 
Tiedemanu.  ] 


are  the  anterior  cerebral  going  to  the  frontal  lobes;  the  middle 
cerebral  (Sylvian)  going  to  the  motor  convolutions  of  the 
brain  and  to  the  great  motor  ganglionic  mass  at  the  base 
(corpus  striatum);  and  the  posterior  communicating  to  unite 
with  the  posterior  cerebral  liranch  of  the  basilar. 

Circle  of  Willis. — This  is  a iieculiar  arterial  circle,  situated 
at  the  base  of  the  brain,  and  so  arranged  as  to  ensure  an  un- 
interrupted and  copious  supply  of  blood  to  that  important 
organ.  In  front  the  two  anterior  cerebral  arteries  lie  in  the 
longitudinal  fissure  of  the  brain,  and  are  there  connected  by 
a small  transverse  branch,  the  anterior  communicating.  Be- 
hind, the  basilar  gives  oft'  the  two  posterior  cerebral  arteries, 
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and  these  are  connected  with  the  internal  carotid  by  means  of 
the  posterior  communicating  branches  of  that  artery.  The 
circle  is  therefore  formed  in  the  following  manner: — 


— Aiiterior  Communicating. 


Anterior  Cerebral. 

I 

Internal  Carotid. 

I 

Posterior  Communicating. 
I 

Posterior  Cerebral. 


Anterior  Cerebral. 

I 

Internal  Carotid. 

I 

Posterior  Communicating. 
I 

Posterior  Cerebral. 


Basilar. 


It  will  be  noted  that  four  main  trunks  go  to  the  brain; 


Fig.  87.— Base  of  Brain, 
showing  the  chief  arteries 
{medulla,  pons,  and  cere- 
bellum removed). 

1,  Anterior  cerebral  artery 
—the  arteries  of  the  two 
sides  of  the  brain  are  seen 
to  be  connected  by  a 
small  transverse  branch, 
the  anterior  communi- 
cating; 1',  branches  to 
the  interior  of  the  brain ; 
2,  middle  cerebral  ar- 
tery; 3,  posterior  cere- 
ral  artery;  3',  branches 
to  interior  of  brain; 
4,  branches  of  middle 
cerebral  distributed  to 
island  ofReil;  5,  branches 
to  occipital  lobe;  4',  cho- 
roidal branch ; 6,  poste- 
rior communicating ; 7, 
internal  carotid ; 8, 

branch  of  posterior  cere- 
bral to  inner  surface  of 
hemisphere.  [Quain.] 


namely,  the  two  vertebral  arteries  and  the  two  internal  caro- 
tids, and  that  they  very  freely  communicate  both  from  before 
backwards  and  from  side  to  side  in  the  Circle  of  Willis.  The 
branches  of  these  trunks  distributed  to  the  convolutions  of  the 
brain  have,  on  the  contrary,  a very  different  disposition,  for 
they  do  not  communicate  with  each  other,  but  are  terminal  or 
end  arteries,  which  accounts  for  the  serious  paralysis  which 
ensues  when  a branch  becomes  plugged  with  a blood-clot. 
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Arteries  of  the  Upper  Limb.— The  Axillary  artery  is  the 

continuation  of  the  subclavian.  It  runs  down  on  the  outer  side 
of  the  cavity  of  the  arni})it  to  the  arm,  where  it  again  changes 
its  name  and  becomes  brachial.  At  the  lower  part  of  the 
cavity  of  the  armpit,  where  it 
emerges  from  under  cover  of  the 
pectoral  muscles,  the  axillary 
artery  is  quite  superficial  and 
can  be  compressed  against  the 
head  and  up[)er  part  of  the  shaft 
of  the  humerus.  The  branches 
given  off  from  this  vessel  are 
distributed  to  the  muscles  form- 
ing the  walls  of  the  cavity  of 
the  armpit,  and  the  glands  and 
fat  contained  in  it.  The  largest 
of  them  lies  on  the  front  of  the 
scapula,  and  is  therefore  called 
subscapular. 

The  Brachial  artery  is  the 
continuation  of  the  axillary.  In 
its  course  down  the  arm  it  lies 
to  the  inner  side  of  the  biceps 
muscle,  and  is  placed  at  no  great 
distance  from  the  surface.  It 
terminates  at  the  bend  of  the 
elbow,  where  it  divides  into 
radial  and  ulnar  arteries.  In 
the  upper  third  of  the  arm  it  lies 
very  close  to  the  bone  and  can 
be  compressed  against  it;  this 
is  a convenient  means  of  arrest- 
ing bleeding  in  wounds  of  the 
hand  or  forearm.  The  branches  of  the  brachial  arc  superior 
profunda,  inferior  profunda,  anastomotica  inagna,  nutrient, 
and  muscular.  The  superior  profunda  winds  round  the  back 
of  the  humerus  along  with  the  musculo-spiral  nerve,  in  the 


Fig.  88.— A.xillary  and  Brachial  Arteries, 
with  their  branches. 

1,  Deltoid;  2,  biceps;  3,  bicipital  fascia;  4, 
brachialis  anticus;  5,  supinator  longus;  8, 
coraco-brachialis;  7,  8,  triceps;  9,  axillary 
artery;  10,  brachial  artery;  11,  1*2,  branches 
to  the  pectoral  muscles  and  chest  wall ; 13, 
serratus  inagnus;  14,  subscapular  artery; 
15,  superior  profunda;  16,  inferior  profunda; 
17,  anastomotic  bi'anch ; 18,  termination  of 
superior  profunda.  [Wilson.] 
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shallow  groove  on  the  bone,  and  commnnicates  at  the  outer  side 
of  the  front  of  the  elbow  with  a branch  of  the  radial  artery. 

t/ 

The  inferior  profunda  passes  directly  downwards  along  with 
the  ulna  ner^'e  to  the  back  of  the  internal  condyle  of  the 
humerus,  giving  off  branches  to  muscles  in  its  course,  and  com- 
municating with  the  ulnar  artery.  The  anastomotica  magna, 
given  off  just  above  the  elbow-joint,  sends  twigs  to  the 
brachialis  anticus  and  the  muscles  arising  from  the  internal 
condyle,  and  communicates  with  the  inferior  profunda,  and 
the  radial  and  ulnar  arteries.  The  nutrient  branch  goes  to 
the  humerus  to  supply  that  bone,  and  the  muscular  branches 
are  distributed  to  the  muscles  of  the  upper  arm. 

The  radial  and  ulnar  arteries  are  formed  by  the  bifurcation 

t/ 

of  the  brachial  at  the  bend  of  the  elbow. 

The  Radial  artery  passes  down  the  outer  side  of  the  front 
of  the  forearm,  and  is  not  yery  deep  in  any  part  of  its  course. 
x\t  the  wrist  it  becomes  quite  superficial,  and  can  l)e  felt  beat- 
ing between  the  tendons  of  the  long  supinator  muscle  and  the 
radial  flexor  of  the  caiq)us,  in  which  situation  its  beat  is  spoken 
of  as  “the  pulse”.  On  reaching  the  wrist  the  radial  artery 
turns  round  to  the  l)ack  of  the  hand,  and,  running  through  the 
interosseous  muscle  l^etween  the  metacarpal  bones  of  the  thumb 
and  index-finger,  reaches  the  deep  part  of  the  palm  of  the 
hand.  Here  it  runs  transversely  across  the  base  of  the  meta- 
carpal bones,  forming  the  deep  palmar  arch — which  is  com- 
pleted by  a branch  of  the  ulnar  artery.  The  branches  of  the 
radial  artery  are  (1)  a recurrent  branch,  which  runs  upwards 
in  front  of  the  elbow  to  unite  with  the  superior  profunda; 
(2)  branches  to  the  muscles  and  other  structures  on  the  front 
of  the  forearm  : (3)  a branch  to  join  the  ulnar  in  the  palm  of 
the  hand  and  complete  the  superficial  palmar  ai‘ch  (superficial 
volar);  (4)  twigs  to  the  Avrist-joint;  the  one  on  the  back  of  the 
hand  is  of  large  size,  and  gives  branches  to  the  interosseous 
spaces  of  the  hand;  (5)  branches  to  the  back  of  thumb  and 
index-finger;  (6)  a large  bi'anch  to  the  front  of  tiie  thumb; 
(7)  a branch  to  the  outer  side  of  the  index-finger;  (8)  deep 
branches  to  the  i)alm  of  the  hand  and  to  the  fingers. 


A UTERI  ES. 


121 


The  Ulnar  artery  is  at  first  placed  very  deeply  l^eiieath 
the  mass  of  muscles  arising  from  tlie  internal  condyle  of  the 
humerus,  hut  as  it  runs  down  the  inner  side  of  the  front  of  tlie 
forearm  it  becomes  more  superficial,  and  immediately  above 


Fiy.  89.— Superficial  Arteries  of  Hand.  Fig.  90.— Deep  Arteries  of  llaud. 

A,  Radial  artery;  B,  median  nerve;  C,  ulnar  artery;  D,  anterior  annular  ligament;  E,  ulnar 
nerve;  F,  insertion  of  ulnar  carpal  fle.xor;  G,  pisiform;  H,  abductor  of  little  finger;  I,  tendon 
of  radial  carpal  flexor;  K,  abductor  of  tliumli;  1j,  flexor  of  little  finger;  M,  short  flexor  of 
thumb;  O,  lumbricales;  P,  flexor  tendons;  ti,  tendon  of  long  flexor  of  thumb;  R,  supinator 
longus;  S,  superficial  flexor;  T,  ulnar  carpal  flexor.  1 Wilson.] 


the  wrist  can  be  felt  between  the  inner  tendon  of  the  super- 
ficial flexor  and  that  of  the  ulnar  flexor  of  the  cai’jms.  Even 
here,  however,  it  is  to  some  extent  overla})ped  by  the  muscles, 
and  is  not  so  distinctly  in  evidence  as  the  radial  artery.  It 
next  enters  the  palm  of  the  hand  by  crossing  over  the  annular 
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ligament,  covered  only  by  the  palmar  fascia,  and  forms  the 
superficial  palmar  arch,  which  terminates  at  the  outer  side 
of  the  palm  by  a communicating  branch  from  the  radial.  The 
superficial  palmar  arch  lies  upon  the  nerves  and  tendons 
passing  to  the  fingers,  and  gives  off  branches  to  the  tendons, 
skin,  fat,  and  fascia  of  the  hand,  and  digital  branches  to  all 
the  lingers  excepting  the  thumb  and  the  outer  side  of  the  index- 
finger.  The  digital  branches  run  one  on  each  side  of  the 
finger,  and  at  the  front  of  the  last  digit,  where  the  pulp  of  the 
finger  is  situated,  they  form  an  arch  by  joining  together,  and 
give  off  twigs  to  the  back  of  the  digit  to  supply  the  matrix  of 
the  nail.  Soon  after  its  origin  from  the  brachial  the  ulnar 
artery  gives  off  a considerable  branch,  the  interosseous,  which 
at  once  divides  into  an  anterior  and  posterior  branch.  The 
former  runs  down  on  the  front  of  the  interosseous  membrane; 
the  latter  passes  between  the  bones  of  the  forearm  to  the  back, 
and  there  is  placed  betAveen  the  superficial  and  deep  layer  of 
muscles.  Immediately  on  entering  the  hand,  and  before  form- 
ing the  palmar  arch,  the  ulnar  gives  off  a deep  palmar  branch 
to  supply  the  muscles  of  the  little  finger  and  assist  the  radial 
in  the  formation  of  the  deep  arch. 

It  Avill  thus  be  seen  that  there  are  two  arterial  arches  in  the 
palm  of  the  hand;  the  superficial  palmar  arch  lying  between 
the  skin  and  the  tendons,  and  formed  by  the  ulnar  artery  with 
a ])ranch  from  the  radial;  the  deep  palmar  arch  lying  betAveen 
the  tendons  and  the  metacarpal  bones,  and  formed  by  the 
radial  artery,  Avith  a branch  from  the  ulnar. 

Thoracic  Aorta.  — The  thoracic  aorta  passes  cIoaaui  the 
chest,  lying  upon  the  left  side  of  the  dorsal  vertebrae,  being 
continuous  Avith  the  arch  of  the  aorta  at  the  body  of  the  fifth. 
At  the  loAver  part  of  the  chest  it  runs  a little  foiuA^ards,  and 
ends  by  passing  through  an  opening  in  the  diaphragm  oppo- 
site the  tAvelfth  dorsal  vertebra  to  become  the  abdominal 
aorta. 

The  branches  of  the  thoracic  aorta  are  all  comparatively 
small.  It  gives  off  tAvigs  to  the  pericardial  sac,  the  bronchial 
tubes,  gullet,  and  the  packing  tissues  of  the  chest.  The  largest 
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and  most  important 
commonly  nine  pairs 
of  these,  the  two 
upper  spaces  on  each 
side  being  supplied 
by  the  superior  inter- 
costal branch  of  the 
subclavian.  They 
run  in  the  intercostal 
spaces  between  the 
external  and  internal 
intercostal  muscles, 
and  are  distributed  to 
the  structures  form- 
ing the  chest  wall. 
AbdominalAorta. 
— The  aorta  enters 
the  abdomen  by 
passing  through  an 
opening  in  the  dia- 
phragm, and  extends 
from  the  body  of  the 
twelfth  dorsal  ver- 
tebra to  that  of  the 
fourth  lumbar,  where 
it  divides  into  the 
right  and  left  com- 
mon iliac  arteries. 
Its  point  of  bifurca- 
tion is  situated  below 
and  a little  to  the  left 
of  the  navel.  The 
branches  it  gives  ofi* 
are  for  the  supply  of 
the  viscera,  posterior 
part  of  the  abdominal 


branches  are  the  intercostal;  there  are 


Fig.  91.— Abdominal  Aorta  and  Inferior  Vena  Cava. 

1,  Hepatic  veins  (cut) ; 2,  jilirenic  artei  ies;  3,  vena  cava;  4,coeli 
axis  (cut);  5,  supra-renal  liody;  (J,  superior  mesenteric  arte 
(cut) ; 7,  8ui)ra-renal  art(*ry;  8,  renal  vein  ; 9,  renal  artery;  1 
left  si)ermatic  vessels;  11,  right  ureter;  12,  inferior  mesentei 
artery;  i;i,  right  spermatic  vein;  14,  a lumbar  artery;  15,  pso 
muscle;  Ifi,  left  common  iliac  artery;  17,  right  common  ili 
vein  :.18,  middle  sacral  artery.  [Wilson.  1 


wall,  and  lower  part  of  the  spinal  canal.  They  are  as  follows : 
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a.  Phrenic  (for  the  diaphragm). 

{Gastric  (stomach). 

Hepatic  (liver). 

Splenic  (spleen  and  pancreas), 
c.  Superior  Mesenteric  (small  intestines). 
d.  Inferior  Mesenteric  (large  intestines). 
c.  Spermatic  (testicle  or  ovary). 

/.  Supra-renal  (supra-renal  body). 
g.  Renal  (kidney). 

li.  Lumbar  (muscles  and  spinal  canal). 

The  branches  to  the  stomach  and  intestines  form  very  free 
communications  with  each  other,  so  that  from  the  gullet  down 
to  the  anus  there  are  a series  of  anastomotic  circles.  In  this 
way  provision  is  made  for  the  supply  of  blood  so  necessary  for 
actively  carrying  on  the  processes  of  digestion  and  absorption, 
and  the  communications  ensure  that  the  supply  shall  not  be 
sto})i)ed,  even  although  some  of  the  vessels  are  temporarily 
obliterated  by  ])ressure  or  from  any  other  cause.  The  quan- 
tity of  blood  contained  in  the  vessels  of  the  abdomen  is  at  all 
times  large,  but  is  greater  during  digestion  than  during  fasting. 

The  Phrenic  arteries  siq)})ly  the  under  surface  of  the 
diaplnugm. 

The  Coeliac  axis  is  a short  trunk  s})ringing  from  the  front 
of  the  aorta  immediately  after  it  reaches  the  abdomen.-  It  is 
surrounded  by  an  extensive  plexus  of  nerves  (chiefly  sympa- 
thetic), called  the  solar  plexus,  and  divides  at  once  into  three 
branches — gastric,  hepatic,  splenic.  The  gastric  artery  runs 
along  the  upper  border  of  the  stomach  and  joins  a small  branch 
from  the  hepatic,  the  two  together  forming  an  arch.  The 
hepatic,  after  gi^’ing  oft'  branches  to  the  pancreas,  upper  part 
of  the  small  intestines,  lower  border  of  the  stomach,  and  the 
gall-bladder,  passes  into  the  transverse  fissure  of  the  liver,  and 
divides  into  branches  to  supply  the  structure  of  that  organ. 
The  splenic  is  a large  and  very  tortuous  artery,  placed  behind 
the  stomach  and  along  the  upper  border  of  the  ])ancreas.  It 
gives  branches  to  the  lower  margin  of  the  stomach,  the  pan- 
creas, and  s})leen. 

The  Mesenteric  arteries  supi)ly  the  whole  of  the  intestines. 
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the  superior  going  to  the  small  l)o^yel  and  half  the  large,  the 
inferior  supplying  the  remaining  half  of  the  large  intestine. 
Fig.  92  shows  the  beautiful  triple  arches  formed  l)y  the  com- 
munications of  the  l)ranches  of  the  superior  mesenteric  arteries 
in  the  mesenteiy. 


The  Spermatic 
arteries  are  very 
small  but  ex- 
ceedingly long 
branches  spring- 
ing from  the  front 
of  the  abdominal 
aorta,  nearly  as 
high  up  as  the 
level  of  the  kid- 
neys. They  run 
down  the  back 
wall  of  the  abdo- 
men to  the  in- 
guinal canals, 
passing  through 
which,  along  with 
the  ducts  of  the 
testicles,  they  form 
part  of  the  sper- 
matic cords,  and 
end  by  being  dis- 
tributed to  the  tes- 
ticles and  the  struc- 
tures surround- 
ing them.  In  the 
female  they  are  called  ovarian  arteries,  and  do  not  pass  through 
the  abdominal  wall,  but  into  the  pelvis,  where  they  enter  the 
broad  ligaments  of  the  uterus  to  roach  the  ovaries.  The  reason 
why  these  arteries  arise  so  high  up  from  the  abdominal  aorta 
is  because  both  the  testicle  and  ovary  are  originally  formed 
immediately  beneath  the  kidneys,  and  get  their  blood  from 


Fig.  92.— Superior  Mesenteric  Artii’3'  und  Branches. 

1,  Descending  part  of  duodenum;  2,  transverse  part;  3,  pancreas; 
4,  jejunum  ; 5,  ileum ; 6,  caecum  ; 7,  ascending  colon;  8,  transverse 
colon ; 9,  descending  colon ; 10,  superior  mesenteric  artery ; 11, 
middle  colic  branch;  12,  branch  going  to  join  left  colic;  13,  branch 
to  pancreas  and  duodenum;  14,  right  colic;  15,  ilio-colic  branch; 
16,  branches  to  small  intestines.  [Wilson.] 
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Fig.  9:?.— Arteries  of  the  Thigh. 

, Anterior  superior  iliac  spine;  b,  tensor  fasciae  femoris 
muscle;  c,  vastus  internus;  d,  tendon  of  great  ad- 
ductor; (I,  termination  of  colon;  k,  urinary  bladder; 
1,  bifurcation  of  aorta;  1',  middle  sacral  artery;  2,  left 
common  iliac;  3,  external  iliac;  3',  circumflex  iliac 
branch;  3",  deep  epigastric;  4,  femoral;  6,  deep 
femoral;  (i,  external  circumflex;  6'  and  6",  ascending 
and  descending  branches ; 7 and  7',  internal  cii’cum- 
flex;  8 and  8',  perforating  branches;  9,  muscular 
branches;  9',  anastomatic  branch;  10  and  10',  articu- 
lar branches ; 12,  arteries  of  the  penis.  [Quain  after 
Tiedemann.] 


what  is  then  the  nearest 
main  trunk.  In  the  later 
months  of  intra-uterine  life 
those  organs  travel  down 
to  the  position  they  are  to 
permanently  occupy,  and 
the  arteries  elongate  as 
they  descend. 

The  Supra-renal  arteries 
supply  the  supra-renal 
1 todies — peculiar  structures 
placed  at  the  upper  end  of 
the  kidneys,  whose  use  is 
not  well  understood. 

The  Renal  arteries  are 
large  vessels  going  to  the 
kidneys.  They  are  larger 
than  the  renal  veins. 

The  Lumbar  arteries 
(four  in  number)  supply 
the  psoas  and  quadratus 
lumborum  muscles  and 
other  muscles  of  the  back. 
They  also  give  off  branches 
to  the  spinal  canal  to  sup- 
ply the  membranes  of  the 
s})inal  cord,  the  lower  end 
of  the  cord  itself,  and  the 
large  nerves  derived  from  it. 

The  Common  Iliac  ar- 
teries are  the  great  trunks 
formed  by  the  division  of 
the  abdominal  aorta.  They 
are  usually  about  two 
inches  in  length,  give  off 
no  branches  in  their  course,. 


and  end  by  dividing  into  the  external  and  internal  iliac  arteries. 
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The  External  Iliac  artery  of  each  side  rims  downwards 
and  outwards  along  the  brim  of  the  pelvis  to  the  groin, 
where  it  passes  beneath  Poupart’s  ligamentand  becomes  femoral. 
At  its  termination  it  can  easily  be  compressed  against  the 
pelvic  bone,  and  this  is  the  readiest  and  most  effective  means 
of  stopping  bleeding  from  a wound  in  the  thigh  or  leg.  The 
point  where  the  pressure  is  to  be  applied  is  about  the  middle 
of  Poupart’s  ligament.  The  only  branches  dei’ived  from  the 
external  iliac  are  the  deep  epigastric  and  the  deej)  circumflex 
iliac,  both  of  them  given  off  just  as  the  artery  is  about  to  pass 
into  the  thigh.  The  deep  epigastric  runs  upwards  and  inwards 
to  reach  the  sheath  of  the  rectus  muscle,  in  which  it  ascends, 
supplying  the  rectus  and  the  aponeurosis  of  the  abdomen,  and 
forming  a communication  with  the  superior  epigastric  liranch 
of  the  internal  mammary.  The  deep  circumflex  iliac  runs  out- 
wards, and  is  distributed  to  the  outer  part  of  the  abdominal 
wall  and  iliac  fossa. 

The  Internal  Iliac  passes  downwards,  from  the  })oint  of  its 
origin,  to  the  outer  wall  of  the  pelvic  cavity,  where  it  divides 
into  a great  number  of  branches,  of  which  the  following  are  the 
chief : — 

a.  Superior  and  inferior  vesical  (for  the  urinary  bladder). 

h.  Middle  Hsemorrhoidal  {for  the  rectum,  the  termination  of  the 
large  intestine). 

c.  Uterine  and  Vaginal  (in  the  female). 

(L  Obturator. 

e.  Ischiatic. 

/.  Internal  Pudic. 

g.  Gluteal. 

h.  Ilio-lumbar. 

i.  Sacral. 

The  branches  going  to  the  pelvic  viscera  enumerated  above 
do  not  call  for  any  special  description. 

The  Obturator  artery  passes  through  the  upper  part  of  the 
obturator  foramen  in  the  pelvis  to  the  muscles  of  the  inside  of 
the  thigh — the  adductor  group — to  which  it  is  distributed, 
forming  communications  with  branches  of  the  femoral  and 
ischiatic  arteries.  It  gives  branches  also  to  the  hip-joint. 
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The  Ischiatic  passes  through  the  great  sacro-sciatic  foramen 
to  reach  the  Imttock.  Its  branches  for  the  most  part  end  in 
the  great  gluteal  muscle,  but  some  pass  to  other  muscles  in  the 
neighbourhood,  and  one  accompanies  the  great  sciatic  nerve 
and  sup|)lies  it  with  blood. 

The  Internal  Pndic  artery  passes  out  of  the  pelvis  through 
the  great  sciatic  foramen  along  with  the  veins  and  nerve  of  the 


Fig.  94.— External  and  In- 
ternal Iliac  Arteries. 

«,  Body  of  fifth  lumbar  verte- 
bra; b,  anterior  superior 
spine  of  ilium ; c,  sacrum ; 
d,  coccyx ; e,  lesser  sacro- 
sciatic  ligament;  /,  tuber- 
o.sity  of  Ischium  ; g,  opening 
for  obtusator  vessels;  1,  ab- 
dominal aorta;  2,  common 
iliac  artery:  2',  external  iliac; 
3,  inferior  vena  cava ; 4,  com- 
mon iliac  veins ; 5,  posterior 
branches  of  the  internal  iliac; 
(),  sacral  nerves ; 7, 7',  and  7", 
pudicarterj'  and  its  branches; 
8,  remains  of  umbilical  ar- 
tery; 8',  branches  to  the 
bladder;  9,  obturator  artery; 
10,  vesical  branches,  to  base 
of  bladder;  11,  branches  to 
rectum  ; 12,  deep  epigastric; 
13,  deep  circumflex  iliac;  14, 
spermatic;  15,  ilio-lumbar. 
[Allen  Thomson.] 


same  name.  It  then  crosses  the  sjiiiie  of  the  ischium  and  re- 
enters the  pelvis  through  the  lesser  sciatic  foramen.  It  runs 
on  the  inside  of  the  ramus  of  the  ischium  to  the  perineum,  to 
the  structures  of  which  it  is  distrilmted. 

The  Gluteal  artery  leaves  the  pelvic  cavity  through  the 
great  sciatic  foramen,  and  is  distributed  to  the  lesser  and  least 
gluteal  muscles  and  the  tensor  of  the  fascia  of  the  thigh. 

The  Ilio-lumbar  is  in  place  of  a fifth  lumbar  artery.  It  runs 
in  the  back  part  of  the  iliac  fossa,  and  communicates  with  the 
lumbar  branches  of  the  abdominal  aorta. 

The  Sacral  branches  pass  to  the  sides  and  front  of  the 


sacrum. 
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The  Femoral  artery  is  the  continuation  of  the  extei'iial  iliac 
into  the  thigh.  It  forms  a thick,  short  trunk,  which,  after 
giving  off  a few  small  branches,  divides  into  two,  the  super 
ffeial  femoral  and  the  deej)  femoral. 

The  Superficial  Femoral  artery  takes  its  course  along  the 
inside  of  the  thigh,  its  general  direction  being  indicated  by  a 
line  drawn  from  the  middle  of  Pou})art’s  ligament  to  the  inner 
side  of  the  knee.  It  is  not  very  deeply  placed,  and  can  be  felt 
pulsating  along  this  line.  It  can  be  compressed  by  a tourni(piet 
or  bandage  and  pad,  but  is  not  sufficiently  near  the  bone  for 
pressure  with  the  fingers  to  be  effective.  At  about  five  inches 
above  the  knee  the  artery  enters  a canal  formed  by  tendons 
and  fascine,  called  Hunter’s  canal.  This  space  it  occupies  with 
its  companion  vein  and  a small  nerve  (long  saphenous);  at  the 
lower  end  of  the  canal  it  passes  through  an  opening  in  the 
great  adductor  muscle,  and  reaching  the  cavity  at  the  back  of 
the  knee-joint  — the  popliteal  space  — changes  its  name  and 
becomes  the  popliteal  artery.  It  gives  off  no  important 
branches  in  its  course.  The  deep  femoral  (profunda  artery) 
goes  downwards  and  backwards  among  the  muscles  of  the 
thigh,  and  breaks  up  into  branches  for  the  great  mass  of 
muscles  forming  the  bulk  of  the  thigh.  The  branches  are 
naihed  (1)  external  circumflex,  (2)  internal  circumflex,  and 
(3)  perforating.  They  form  communications  with  each  other, 
with  the  branches  of  the  internal  iliac,  and  with  arteries  coniiim’ 
from  below  the  knee,  and  by  this  arrangement  are  able  to  effi- 
ciently supply  the  leg,  even  although  the  su})erficial  femoral  is 
ligatured  or  otherwise  obliterated.  The  perforating  branches 
are  so  called  because  they  pass  through  the  adductors  to  reach 
the  muscles  on  the  back  of  the  thigh  (ham-string  muscles). 

The  Popliteal  Space  is  the  deep  hollow  found  at  the  back  of 
the  knee  when  the  leg  is  semihexed.  Its  lateral  boundaries  are 
the  inner  and  outer  ham-strings.  Its  floor  is  formed  by  the 
triangular  area  at  the  l)ack  of  the  lower  end  of  the  femur,  and 
the  posterior  ligament  of  the  knee-joint.  It  is  traversed  by  the 
popliteal  artery  and  vein  and  the  two  popliteal  nerves.  It  also 
contains  lymphatic  glands  and  a considerable  quantity  of  fat. 

( M 24  ) 1 
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The  Popliteal  artery  is  the  continuation  of  the  superficial 
femoral.  It  commences  at  the  opening  in  the  great  adductor 
which  forms  the  termination  of  Hunter’s  canal,  and  terminates 
about  three  inches  below  the  knee  by  dividing  into  anterior 

and  posterior  tibial ar- 
teries. The  branches 
it  gives  off  are  distri- 
buted to  the  knee- 
joint  (5)  and  to  the 
muscles  of  the  calf  (3 
or  4). 

The  Anterior  Tibial 
artery,  one  of  the 
divisions  of  the  pop- 
liteal, passes  forwards 
between  the  tibia  and 
hlmla  to  the  front  of 
the  limb.  It  then 
passes  down  on  the 
anterior  surface  of 
the  interosseous  mem- 
]}rane  to  the  front 
of  the  ankle-joint, 
beins:  covered  by  the 

O t/ 

muscles  which  lie  on 
the  outer  surface  of 
the  tibia.  It  gives 
off  branches  to  the 
muscles  in  its  neigh- 
bourhood, and  one 
which  passes  upwards 
to  the  knee-joint 
(tibial  recurrent).  After  the  artery  has  crossed  the  ankle  it 
changes  its  name,  and  is  called  the  dorsal  artery  of  the  foot. 
Under  that  title  it  gives  l)ranches  to  the  tarsus  and  metatarsus, 
to  the  muscles  and  tendons  on  the  back  of  the  foot,  and  to  the 
sides  of  the  toes  on  their  dorsal  aspect.  It  passes  between  the 


Fif 


15  17  le 

95.— Popliteal  Space. 


1,  Small  nerve;  2,  biceps  muscle;  3,  semi-teudiiiosus;  4,  internal 
popliteal  nerve;  5,  semi-memVjranosus;  6,  poiditeal  vein;  7 
and  10,  articular  arteries;  8,  popliteal  artery;  9,  gracilis; 
11,  sartorius;  12,  plantaris;  13,14,  gastrocnemius;  15,  short 
saphenous  nerve ; 10,  .superficial  nerve ; 17,  external  saphena 
vein;  18,  long  saphenous  nerve.  [Wilson.] 
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big  and  second  toes  and  sup|)lies  their  under  surface,  ending  by 
joining  the  termination  of  the  external  plantar  artery  at  the 
inner  end  of  the  plantar  arch. 

The  Posterior  Tibial  artery  passes  down  the  back  of  the 
leg  between  the  superficial  and  deep  muscles,  to  which  it  gives 
off  numerous  twigs,  and  reaching  the  inner  ankle  turns  round 


it  to  reach  the  sole  of  the 
foot.  Soon  after  its  origin 
it  gives  rise  to  a consider- 
able branch,  the  peroneal, 
for  the  supply  of  the 
muscles  covering  the 
fibula  and  the  structures 
in  connection  therewith. 

On  reaching  the  sole 
of  the  foot  the  posterior 
tibial  divides  into  two 
branches,  the  internal  and 
external  plantar.  The 
internal  plantar  is  veiy 
small,  and  merely  supplies 
the  inner  side  of  the  foot 
and  the  muscles  of  the 
big  toe.  The  external 
plantar  artery  is  of  con- 
siderable size;  it  passes 
outwards  between  the 
first  and  second  layer  of 
muscles  of  the  foot,  and 
then  turns  inwards  again 
between  the  second  and 


Fiy.  !!(!. — Arteries  of  Sole  of  Foot. 


li,  Plantar  fascia;  C,  aPiluctor  of  little  toe;  F,  loiiy  flexor 
muscle;  G,  flexor  of  l)ig  toe;  II,  metatarsal  bone  of  biy 
toe;  i,  tendon  of  tibialis  posticus;  K, external  plantar 
nerve;  Jj,  external  plantar  artery;  M,  interosseous 
muscles;  P,  tendon  of  peronens  longus.  [Wilson.] 


third  layei’s,  to  reach  the  interval 


between  the  big  toe  and  second  toe,  where  it  is  joined  by  the 
termination  of  the  dorsal  artery  of  the  foot.  In  the  second  part 
of  the  course  it  forms  the  plantar  arch,  and  from  it  are  given 
off  digital  branches.  These  })ass  to  the  toes,  and  are  arranged 
in  the  same  manner  as  the  corresponding  liranches  distributed 
to  tlie  fingers. 
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Pulmonary  Artory. — This  A^essel  carries  venous  blood  to 
the  lungs,  but  it  is  called  an  artery  because  it  carries  blood 
from  the  heart.  It  springs  from  the  left  side  of  the  base  of  the 
right  ventricle,  in  front  of  the  origin  of  the  aorta,  ascends 
obliquely  towards  the  left,  and  passes  underneath  the  arch  of 
the  aorta,  where  it  divides  into  two  trunks,  one  for  the  right 
and  the  other  for  the  left  lung.  These  enter  the  lungs  between 
the  bronchi  and  the  pulmonary  veins.  At  its  commencement 
the  pulmonary  artery  is  guarded  by  the  semilunar  valves,  as 
already  described;  they  prevent  the  blood  passing  back  into 
the  right  ventn’cle. 

VEINS. 

The  veins  are  vessels  which  carry  the  venous  blood  back 
from  the  capillaries  to  the  heart.  They  are  larger,  more 
numerous,  and  form  more  frequent  intercommunications  than 
the  arteries.  The  veins  form  two  systems,  the  superficial  and 
the  deep;  the  former  lie  immediately  beneath  the  skin,  and 
the  latter  accompany  the  arteries  among  the  muscles. 

Veins  of  the  Head  and  Neck. — These  are  divisible  into 
three  sets;  the  veins  of  the  head  and  face,  the  veins  of  the 
skull,  and  the  veins  of  the  neck. 

Veins  of  the  Head  and  Face. — The  Facial  vein  commences 
by  small  branches  u})on  the  forehead  and  front  of  the  scalp; 
these  unite  to  form  two  channels  which  communicate  at  the 
root  of  the  nose;  each  l)ranch  then  passes  by  the  side  of  the 
nose,  round  the  outer  side  of  the  mouth,  and  downwards  to  the 
edge  of  the  lower  jaw,  just  in  front  of  the  masseter  muscle, 
receiving  numerous  luvinches  and  communications  in  its 
course.  Underneath  the  jaw  the  facial  vein  terminates  in  the 
internal  jugular.  The  Internal  Maxillary  and  Temporal  veins 
run  with  the  arteries  of  the  same  name.  They  join  together  in 
the  parotid  gland  to  form  a common  trunk  ( Temper o-maxillary) 
lodged  in  the  substance  of  the  gland;  this  divides  lower  down 
into  two  branches,  one  of  which  joins  with  the  posterior  auri- 
cular to  form  the  external  jugular,  and  the  other  ends  in  the 
internal  jugular. 
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Tlie  Posterior  Auricular  and  Occipital  veins  run  witli  the 
arteries  of  the  same  name. 

Veins  of  the  Skull. — Some  of  these  are  situated  in  tlie  sub- 
stance of  the  bones  of  the  skull,  and  are  named  veins  of  the 
diploe;  the  largest  and  most  important  are  ])laced  in  the 
interior  of  the  skull, 
and  are  called  sinuses 
of  the  brain. 

The  sinuses  receive 
the  blood  from  the 
surface  and  interior 
of  the  brain.  They 
differ  from  ordinary 


the  current  of  blood 
is  therefore  free  to 
travel  in  either  direc- 
tion. They  have  no 
muscular  structure  in 
their  walls,  but  the 
latter  are  formed  by 
the  outer  membrane 
of  the  brain  (the  dura 
mater),  supported  in 
most  cases  by  the 
bones,  and  lying  in 
grooves  on  their  surface.  Omitting  those  of  little  importance, 
the  following  may  be  enumerated:  - 

Superior  Longitudinal  Sinus,  running  from  befoi  e backwards 
along  the  middle  line  of  the  interior  of  the  skull,  and  receiving 
the  blood  fi’om  the  upper  surface  of  the  brain. 

Inferior  Longitudinal  Sinus,  contained  in  the  edge  of  a sickle- 
shaped process  of  dura  mater  (the  falx  cerebri),  and  receiving 
the  veins  from  the  inner  surface  of  the  brain. 

Twocavernous  sinuses,  formed  by  the  veins  fi'om  theey  e-socket 
(orbit),  and  placed  on  the  sides  of  the  body  of  the  sphenoid  bone 


veins  because  they 
have  no  valves,  and 


1,  Facial ; 2,  temporal ; S,  transverse  facial ; 4,  posterior  auricu- 
lar; 5,  internal  maxillary;  (!,  external  jugular;  7,  branch 
joining  the  latter;  8,  anterior  jugular ; 9,  pt>sterior  scapular; 
10,  internal  jugular;  11,  occipital;  12,  subclavian. 


134 


ELEMENTARY  ANATOMY. 


A straight  sinus,  formed  hy  the  confluenee  of  the  veins  from 
the  interior  of  the  l)rain  and  the  inferior  longitudinal  sinus. 

Two  Lateral  sinuses  (the  largest  of  the  sinuses),  running  in 
grooves  on  the  occipital,  parietal,  and  temporal  bones,  and  ter- 
minating by  joining  with  the  petrosal  sinuses  in  the  formation 

of  the  internal  jugu- 
lar veins.  In  descend- 
ing to  the  jugular 
foramen  the  lateral 
sinus  occuj^ies  an  es- 
pecially deep  groove 
in  the  mastoid  por- 
tion of  the  temporal 
l)onc.  Attention  is 
called  to  this  fact, 
l^ecause  injuries  to 
the  mastoid  have 
sometimes  been  the 
cause  of  fatal  bleed- 
ing from  the  sinus, 
and  it  has  also  been 
opened  into  in  the 
course  of  operations 
on  that  bone. 

Four  Petrosal 
sinuses,  two  large 
and  two  small.  The 
inferior  petrosal 
sinuses  are  vessels 
of  considerable  size 
Avhich  carry  the  blood 
away  from  the  cavernous  sinuses.  They  unite  with  the  lateral 
sinuses  to  form  the  internal  jugular  veins. 

Veins  of  the  Neck.^ — These  are  the  three  jugular  veins — an- 
terior, external,  and  internal — and  the  vertebral  veins. 

The  Anterior  Jugular  veins  run  down  the  front  of  the  neck 
and  empty  into  the  subclavian  or  the  external  jugulaT'  veins. 


Fig.  98.— Siuuses  of  Brain  and  Veins  of  Head  and  Neck. 

a,  Fal.x  cerebri ; b,  tentorium  cerebelli ; c,  zygoma ; d,  malar 
bone;  1,  superior  longitudinal  sinus;  2,  inferior  longitudinal 
sinus;  2',  veins  of  Galen,  continued  into  straight  sinus;  3, 
lateral  sinus;  4,  internal  jugular  vein;  5,  (J,  temporal  veins; 
8,  internal  maxillary  ; 8',  pterygoid  plexus;  9,  temporo  maxil- 
lary ; 10,  facial  vein;  12,  vertebral;  13,  posterior  spinal;  14, 
occipital  sinus;  15,  external  jugular.  [Quaiii.] 
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The  External  Jugular  is  formed,  at  the  lower  border  of  tlie 
parotid  gland,  by  the  junction  of  the  |)osterior  auricular  vein 
with  one  of  the  divisions  of  the  tem})oro-inaxillary.  It  crosses 
the  sterno-mastoid  muscle  to  the  lower  part  of  the  neck,  iuid 
piercing  the  deep  fascia  joins  the  snbclavian  vein  o}>posite  the 
middle  of  the  clavicle.  This  vein  is  generally  visible  beneath  the 
skin.  In  the  days  when  venesection  was  practised  it  ^cas  often 
selected  for  that  ojieration,  especially  in  apo[)lexy  and  head 
injuries. 

The  Internal  Jugular,  formed  by  the  com  ergence  of  the 
lateral  and  inferior  petrosal  sinuses  at  the  jugular  foramen,  is 
the  largest  vein  of  the  neck.  It  passes  downwards  in  the 
carotid  sheath,  l3ung  to  the  outer  side  of  the  common  carotid 
artery,  and  joins  the  subclavian  to  fonii  the  innominate  vein. 

. The  Vertebral  vein  runs  along  with  the  vertebral  artery  in 
the  foramina  of  the  transverse  processes  of  the  cervical  verte- 
brie,  and  empties  itself  into  the  subclavian  vein  close  to  its 
termination. 

Veins  of  the  Upper  Limbo — These  are  deep  and  super- 
ficial. Most  of  the  deep  veins  are  arranged  in  pairs,  one  on 
each  side  of  the  corresponding  artery,  and  are  called  venae 
comites  (companion  veins).  As  they  correspond  exactly  to  the 
arteries  in  name  and  distribution  we  shall  not  further  describe 
them. 

The  superficial  veins  of  the  aiau  are : — 

a.  Two  Ulnar  veins.  e.  Median  vein. 

b.  Basilic  vein.  f.  Median-basilic. 

c.  Radial  vein.  y.  Median-cephalic. 

(L  Cephalic  vein. 

The  Ulnar  veins  (anterior  and  posteilor)  collect  the  blood 
from  the  back  of  the  hand  and  the  inner  side  of  the  forearm; 
they  unite  at  the  liend  of  the  ell)ow  to  form  the  basilic  vein. 

The  Basilic  vein  runs  along  the  inner  side  of  the  u])per  arm, 
receives  the  median-basilic  soon  after  its  commencement,  and 
at  the  lower  part  of  the  armpit  joins  with  the  companion  veins 
of  the  Iwachial  artery  to  form  the  axillary  vein. 
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The  Radial  vein  commences  on  the  back  of  the  hand,  winds 
round  the  outer  side  of  the  forearm  as  it  ascends,  and  at  the 
bend  of  the  ell)ow  unites  with  the  median-cephalic  vein  to  form 
the  cephalic  vein. 

The  Cephalic  vein  ascends  along  the  outer  side  of  the  arm 
to  its  upper  third,  it  then  runs  in  the  groove  between  the  great 


pectoral  muscle  and  the  deltoid, 
and  dipping  deeply  down  ends  in 
the  upper  part  of  the  axillary  vein. 

The  Median  vein  lies  between 
the  I'adial  and  ulnar  veins  on  the 
front  of  the  forearm,  and  collects 
the  Ijlood  from  the  palm  of  the 
hand  and  anterior  as]3ect  of  the 
forearm.  A little  below  the  elbow 
it  receives  a branch  from  the  deep 
veins,  and  then  divides  into  two 
diverging  Iwanches,  the  median- 
cephalic  and  median-basilic. 

The  Median-cephalic,  the  longer 
and  smaller  of  the  two,  passes 
obliquely  u})wards  and  outAvards 
to  unite  with  the  radial  and  form 
the  cephalic  vein. 

The  Median-basilic,  larger  but 
shorter  than  the  median  ce})halic, 
})a^ses  obliquely  uj) wards  and  in- 
Acards  to  join  the  basilic  vein. 
It  is  crossed  bv  one  or  tAvo  cutane- 
ous  nerves. 

When  venesection  from  the  arm 
Avas  practised,  one  of  these  tAvo  A^eins  Avas  invariably  selected. 
The  median  basilic,  as  the  largest,  gave  more  free  bleeding  than 
the  other,  but  the  brachial  artery  lies  immediately  behind  it,  and 
Avas  frecpiently  cut  into  by  the  lancet  penetrating  too  deeply. 

The  Axillary  vein,  formed  by  the  union  of  the  basilic  veins 
and  the  brachial  companion  veins,  lies  to  the  inner  side  of  the 


Fig.  99.— Supei’ficial  A’eiiis  in  Front  of 
the  Elbow. 

1,  Biceps;  2,  semilunar  fascia;  3,  anterior 
ulnar  vein ; 4,  median  nerve ; 5,  brachial 
artery ; 6,  hiternal  cutaneous  nerve ; 7, 
radial  vein;  8,  median  vein;  9,  external 
cutaneous  nerve;  10,  median -cephalic 
vein;  11,  median-basilic  vein;  1*2,  basilic 
vein;  13,  cephalic  vein.  [Bardeleben  and 
Haeckel.] 


VEINS. 


137 


axillary  artery,  receives  veins  corresponding  to  the  branches 
of  the  arterv,  and  terminates  at  the  lower  border  of  the  first 
ril)  by  becoming  subclavian. 

The  Subclavian  vein  is  l)elow  and  a little  in  front  of  the 
subclavian  artery;  where  the  latter  lies  on  the  first  rib  the  vein 
is  separated  from  it  by  the  anterior  scalene  muscle.  It  receives 
the  external  jugular,  anterior  jugular,  and  vertebral  veins,  and 
ends  by  joining  with  the  internal  jugular  to  form  the  innomi- 
nate vein.  At  tlie  junction  of  these  veins  on  the  left  side  the 
thoracic  duct  empties;  this  is  the  great  main  trunk  of  the 
lymphatic  system,  which  carries  the  products  of  digestion  into 
the  circulation.  The  right  lymphatic  duct,  a much  smaller 
vessel,  opens  into  the  corresponding  veins  of  the  right  side. 

Veins  of  the  Lower  Limb.  -Like  the  veins  of  the  upper 
extremity  these  are  divided  into  superficial  and  deej). 

The  Superficial  veins  are  the  external  or  short  and  the  in- 
ternal or  long  saphena  veins.  They  commence  on  the  back  of 
the  foot  in  a venous  arch,  which  lies  avross  the  metatarsus  and 
receives  the  veins  from  the  back  of  the  toes. 

The  External  Saphena  vein  commences  at  the  outer  border 
of  the  venous  arch,  passes  l)ehind  the  outer  aid<le,  and  runs  up 
the  Ixick  of  the  calf  of  the  leg  to  tlie  i)opliteal  s|)ace,  to  join 
the  popliteal  vein. 

The  Internal  or  long  Saphena  vein  is  the  longest  vein  in 
the  l)ody.  It  connnences  on  the  inner  border  of  the  foot  by 
branches  received  from  the  venous  arch,  runs  round  the  inner 
ankle,  and  ascends  the  inner  side  of  the  leg.  It  passes  behind 
the  inner  condyle  of  the  femur  and  along  the  inner  side  of  the 
thigh  to  the  saphenous  o])ening,  an  oval  aperture  in  the  fascia 
lata  a little  below  Poupart’s  ligament;  here  it  terminates  in 
the  femoral  vein.  It  has  many  valves  in  its  course,  but,  fi-om 
its  great  length  and  the^lialhlity  to  its  current  being  interrni)ted 
at  the  knee  and  the  saphenous  opening,  it  is  the  most  liable  of 
any  vein  to  become  dilated  and  varicose.  Ahiricose  ulcei's  are 
most  common  in  the  i-egion  of  its  distribution,  especially  on  the 
front  and  inner  side  of  the  lower  leg. 

The  deep  veins  of  the  leg  accompaipv  the  arteries  and  are 
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called  by  the  same  name.  There  are  two  veins  for  each  artery 
(one  on  either  side),  excepting  in  the  case  of  the  popliteal, 
superficial  femoral,  and  deep  femoral  (profunda)  arteries,  where 
the  veins  are  single. 

Veins  of  the  Trunk. — The  Innominate  veins  are  two 

large  trunks,  formed  by  the  union  of  the  internal  jugular  and 
sul)clavian  veins  at  each  side  of  the  root  of  the  neck.  The 
right  one  descends  almost  vertically  into  the  thorax;  the  left 
passes  obli(piely  downwards  and  towards  the  right,  crossing 
the  three  great  l)ranches  of  the  arch  of  the  aorta,  and  is  much 
longer  than  the  right.  The  two  join  together  about  three  inches 
above  the  base  of  the  heart  to  form  the  superior  vena  cava. 

The  Superior  vena  cava  is  a large  trunk  about  three  inches 
in  length,  formed  by  the  union  of  the  two  innominate  veins. 
It  passes  down  on  the  right  side  of  the  arch  of  the  aorta,  and, 
entering  the  ])ericardium,  ends  in  the  upper  part  of  the  right 
auricle.  In  addition  to  the  innominate  veins,  it  receives 
l)ranches  from  the  ])e]“icardium,  and  a trunk  of  considerable 
size  from  the  back  wall  of  the  chest  (vena  azygos  major). 

The  External  Iliac  vein  is  the  continuation  of  the  femoral 
vein  into  the  trunk.  It  passes  from  the  middle  of  Poupart’s 
ligament  u})wards  along  the  brim  of  the  pelvis,  and  terminates 
opposite  the  union  of  the  sacrum  and  ilium  l)y  uniting  with 
the  internal  iliac  vein  to  form  the  common  iliac  vein. 

The  Internal  Iliac  vein  is  formed  by  vessels  corresponding 
with  the  branches  of  the  internal  iliac  arteiy;  it  lies  on  the 
outer  wall  of  the  pelvis,  and  joins  the  external  to  form  the 
common  iliac  vein.  The  more  important  veins  terminating  in  the 
internal  iliac  are,  in  the  male,  the  vesical,  prostatic,  and  hae- 
morrhoidal  veins  from  the  bladder,  prostate  gland,  and  lower 
bowel;  and  in  the  female  the  vesical,  haemorrhoidal,  and  uterine. 

The  Common  Iliac  veins  are  formed  by  the  union  of  the 
external  and  internal  iliac  veins.  The  two  common  iliac  veins 
of  the  two  sides  join  together  on  the  intervertebral  substance 
between  the  fourth  and  fifth  luml)ar  vertebra?  to  form  the 
inferior  vena  cava. 

The  Inferior  Vena  Cava  is  a very  large  trunk,  lying  on  the 


VEINS 


139 


t 


Fig.  KiO.— Veins  of 
the  Triiiik. 

1,  Right  internal 
jugular;  2,  left  in- 
ternal jugular;  3, 
right  external 
jugular;  4,  left  ex- 
ternal jugular;  5, 
right  innominate; 

6,  left  innominate ; 

7,  right  superior 
intercostal ; 8 and 
12,  left  superior  in- 
tercostal; 9, thymic; 
Kh  left  internal 
mammary;  11,  peri- 
cardial ; 13,  vena 

. cava  superior;  14, 
left  hronchu.s;  15, 
vena  azygos  major; 
1(5  and  18,  vena 
azygos  minor;  17, 
rpiadratus  lum- 
horum  muscle;  19, 
vena  cava  inferior; 
•20,  abdominal 
aorta;  21,  right 
common  iliac  ar- 
tery ; 22,  lumbar 
vein ; 23,  right 

common  iliac  vein ; 
24,  left  common 
iliac  artery;  25,  left 
common  iliac  vein. 
[Wilson.] 
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left  side  of  the  abdominal  aorta  against  the  posterior  Mmll  of 
the  abdomen.  At  the  upper  part  of  the  abdomen  it  lies  in 
close  contact  with  the  liver,  and  is  often  entirely  surrounded 
l)y  the  substance  of  that  organ;  it  then  passes  through  an 
opening  in  the  tendon  of  the  diaphragm  and  reaches  the  cavity 
of  the  chest,  where  it  terminates  in  the  lower  and  back  part 
of  the  right  auricle  of  the  heart. 

The  tributaries  it  receives  may  be  enumerated  as  follows : — 

a.  Lumbar  (abdominal  wall). 
h.  Right  Spermatic  (testicle  or  ovary), 
c.  Renal  (kidney). 

(L  Supra-renal  (supra-renal  body). 
c.  Diaphragmatic. 

/.  Hepatic  (liver). 

The  Lumbar  veins  return  the  blood  from  the  posterior  wall 
of  the  abdomen  and  the  lower  part  of  the  spinal  canal ; those 
of  the  left  side  pass  behind  the  abdominal  aorta  to  reach  the 
inferior  cava. 

The  Right  Spermatic  vein,  from  the  right  testicle,  empties 
into  the  inferior  cava,  the  left  into  the  left  renal  vein.  The 
Ovarian  veins  in  the  female  occupy  the  same  position,  and 
terminate  in  the  same  way  as  the  spermatic  in  the  male. 

The  Left  Renal  vein  is  much  longer  than  the  right.  It 
receives  the  l)lood  from  the  left  supra-renal  body  and  the  left 
testicle  or  ovary,  as  well  as  from  the  kidney,  and  passes  across 
the  front  of  the  aorta  to  reach  the  vena  cava. 

The  veins  of  the  liver  have  no  course  outside  the  substance 
of  that  organ.  They  empty  into  the  inferior  cava  as  it  lies  in 
contact  with  the  liver. 

Veins  are  distributed  in  the  intercostal  spaces  and  back  of 
the  chest  Avail,  in  the  spinal  canal  and  vertebra?.,  and  in  the 
substance  of  the  heart;  Init  they  are  not  of  sufficient  importance 
to  justify  a special  description  in  this  work. 

Portal  System.— The  portal  system  of  veins  includes  those 
of  the  spleen,  stomach,  large  and  small  intestines,  and  pancreas. 
The  vessels  of  this  system  differ  from  other  A^eins  in  the  folloAA- 
ing  points: — (1)  they  have  no  valves;  (2)  they  commence  in 
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a.  Inferior  Mesenteric  vein. 
h.  Superior  ]Mesenteric  vein. 

c.  Splenic  vein. 

d.  Gastric  veins. 


capillaries  and  end  in  capillaries;  and  (d)  their  muscular  coat 
is  much  thicker  than  in  veins  usually.  The  blood  of  the  poi- 
tal  system  is  carried  to  the  liver  by  the  portal  vein,  there  to 
supply  material  for  the  manufacture  of  Ihle;  it  is  returned  by 
the  hepatic  veins  into  the 
inferior  cava. 

The  vessels  which 
empty  their  blood  into 
the  portal  vein  are  the  i- 


The  Inferior  Mesen- 
teric vein  corresponds  in 
its  course  with  the  artery 
of  the  same  name.  It 
ends  in  the  splenic  vein. 

The  Superior  Mesen- 
teric, in  like  manner, 
accompanies  the  superior 
mesenteric  artery,  and 
collects  the  blood  from 
the  whole  of  the  small  in- 
testines and  half  the  large. 

It  joins  with  the  splenic 
vein,  behind  the  pancreas, 
to  form  the  portal  vein. 

The  Splenic  vein  is  a large  trunk  carrying  the  Idood  from 
the  spleen,  pancreas,  and  great  end  of  the  stomach.  It  unites 
with  the  superior  mesenteric  to  form  the  portal  vein. 

The  branches  from  the  stomach  (gastric)  empty  directly  into 
the  portal  vein. 

The  Portal  vein,  formed  behind  the  })ancreas  by  the  union 
of  the  superior  mesenteric  and  sjdenic  veins,  passes  up  to  the 
under  surface  of  the  liver  along  with  the  bile  duct  and  hepatic 


Fig.  101.— The  Portal  Vein  and  its  Tributaries. 

1,  Vein  from  stomach  and  duodenum;  2,  splenic  vein; 
3,  portal  vein;  4,  inferior  mesenteric  vein;  5,  superior 
mesenteric  vein ; (>.  superior  hicmorrlioidal  vein. 


142 


ELEMENTARY  ANATOMY. 


artery.  It  enters  the  liver  at  the  transverse  fissure,  and 
divides  into  branches,  which,  from  their  being  surrounded  bv 
a continuation  of  the  fibrous  capsule  of  the  liver,  are  described 
as  lying  in  the  portal  canals. 

Pulmonary  Voins. — The  four  pulmonary  veins  (two  from 
each  lung)  return  the  purified  blood  to  the  left  auricle  of  the 
heart.  They  commence  in  the  capillaries  in  the  walls  of  the 
air-cells,  accompany  the  bronchial  tubes  through  the  lung,  and 
at  the  root  are  placed  in  front  of  the  other  structures  forming 
it.  They  differ  from  veins  generally  in  being  smaller  than  the 
arteries  corresponding  to  them,  in  carrying  arterial  instead  of 
venous  blood,  and  in  having  no  valves. 


LYMPHATICS. 

The  structure  of  lymphatic  A^essels  and  glands  has  been 
already  described  (p.  27).  The  vessels  are  divisible  into  three 
sets,  viz.  superficial,  deep,  and  lacteals. 

The  superficial  lymphatic  vessels  lie  in  the  superficial  fascia 
beneath  the  skin,  and  follow  the  course  of  the  veins.  They  are, 
however,  much  more  numerous  than  the  latter,  and  have  many 
more  vah'es.  They  terminate  in  glands  placed  at  the  flexures 
of  the  liml)s,  as  in  the  groin,  popliteal  S2)ace,  and  armpit. 

The  deep  lymphatic  vessels  are  less  numerous,  but  rather 
larger.  They  accompany  the  deep  veins  and  arteries,  and  are 
connected  with  the  glands  of  the  pelvis,  the  posterior  wall  of 
the  al:)domen,  and  the  deep  parts  of  the  neck. 

The  Lacteals  (so  called  because,  during  digestion,  they  carry 
a milk  fluid,  the  chyle)  are  the  lymphatics  of  the  small  intes- 
tine. They  are  situated  in  the  mesentery,  and  are  connected 
with  numerous  glands  placed  therein,  and  called  the  mesenteric 
glands.  During  fasting  the  lacteals  carry  transparent  lymph 
like  the  other  lymphatic  vessels. 

Lymphatics  of  the  Head  and  Neck. — The  superficial 
lymphatic  vessels  are  arranged  in  three  sets — occipital,  run- 
ning with  the  occipital  vein;  temporal,  with  the  superficial 
temporal  vein;  and  facial,  with  the  facial  vein. 
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Glands. — The  chief  glands  are  the  following: — (1)  Occipital, 
over  the  lateral  part  of  the  occipital  bone;  (2)  posterior 
auricular,  behind  the  ear;  (3)  parotid,  a little  in  front  of  the 
ear;  (4)  submaxillary,  l)elow  the  jaw. 

Deep  lymphatic  vessels  are  found  in  the  skull,  but  there  are 
no  glands  in  their  course. 

The  superficial  and  deep 
lymphatic  vessels  of  the  neck 
run  with  the  radicles  and 
main  trunks  of  the  jugular 
veins,  and  very  freely  coin- 
ninnicate  with  each  other. 

The  superficial  glands  are 
few  in  number  and  small ; 
the  deep  ones  are  very  nu- 
merous and  larger.  The 
former  are  placed  along  the 
course  of  the  external  jugular 
vein,  at  the  root  of  the  neck, 
and  on  the  voice-box.  The 
deep  glands  form  a ehain  ex- 
tending from  the  base  of  the 

skull  to  the  root  of  the  neck,  along  the  course  of  the  internal  jugu- 
lar vein,  carotid  arteries,  side  of  pharynx,  gullet,  and  wind-pipe. 

Lymphatics  of  the  Upper  Limb.  -The  superficial  lym- 
phatic vessels  of  the  hand  and  forearm  run  in  the  course  of 
the  superficial  veins.  At  the  bend  of  the  elbow  they  arrange 
themselves  into  two  groups.  The  inner  and  larger  group  passes 
to  the  glands  al)Ove  the  internal  condyle,  and  fi-oin  thence  i^p 
the  arm  along  the  course  of  the  basilic  vein;  and  the  outer, 
smaller  gronj)  takes  the  course  of  the  cephalic  A'ein.  The 
former  terminate  in  the  lymphatics  at  the  lower  part  of  the 
armpit,  the  latter  pass  ni)wards  between  the  great  pectoral  and 
deltoid  to  reach  the  u])per  part  of  the  armpit.  The  deep  lym- 
phatics accompany  the  blood-vessels  to  the  arm})it. 

Glands.  -The  only  important  glands  are  a small  group  of 
two  or  three,  above  the  inner  condyle  of  the  humerus,  and 


Fig.  102.— Lymphatic  Glands  of  Head  and  Neck. 

Glands  in  front  of  and  1>elow  the  ear, «,  h;  under  the 
jaw,  h';  under  the  chin,  c ; hehind  the  ear,  e,/;  at 
the  hack  of  tlie  head,  d;  in  the  neck  and  above  the 
collar-bone,  g,  h,  i,  k,  m;  on  the  chest,  The  dark 
lines  are  communicating  lymphatic  vessels. 
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those  in  the  armpit.  The  latter,  called  axillary  glands,  foiiii 
two  chains.  One  of  these,  running  along  the  anterior  fold  of 
the  armpit,  receives  the  lymphatic  vessels  from  the  breast 
and  front  of  the  chest  wall ; it  is  these  glands  which  become 


Fig.  lOo.— Lymphatics  of  the  Arm 
and  Armpit. 

Glands  at  the  inner  side  of  the  elbow  a,  h; 
in  the  armpit  c,  c,  c;  on  the  chest  in  front 
of  the  ai’inpit  d ; above  the  collar-bone 
and  communicating  with  the  armpit 
e,/-  point  to  lymphatic  vessels  form- 
ing an  arch  round  the  hand.  The  dark 
lines  are  lymphatic  vessels. 


Fig.  104.— Lymphatic  Vessels  of  Leg  and 
Groin,  and  Glands  of  the  Groin. 


Inguinal  glands,  d,  e,  /;  femoral  glands,  a, 
b,  c.  The  dark  lines  are  the  lymphatic 
vessels. 


enlarged  in  cancer  of  the  female  breast.  The  other  chain  is 
found  occujiying  the  back  part  of  the  armpit,  and  receives  the 
lymphatic  vessels  of  the  back  and  scapular  region. 

Lymphatics  of  the  Lower  Limb.— The  superficial  lym- 
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phatic  vessels  follow  the  course  of  the  external  and  internal 
saphena  veins,  and  are  consequently  arranged  in  two  sets,  one 
passing  up  the  back  of  the  leg  to  the  popliteal  space,  and  the 
other  along  the  inner  side  to  the  groin.  Deep  lymphatic 
vessels  accom})any  the  arteries  and  deep  veins.  The  chief 
glands  are  those  situated  in  the  groin;  they  are  separable  into 
two  sets — one  (inguinal),  running  parallel  with  Poupart’s  liga- 
ment and  a little  below  it,  receives  the  lymphatics  from  the 


Fig.  10.5.— Mesenteric  Gl.aiuls. 

4 points  to  the  membrane  of  tlie  mesentery,  from  whidi  the  bowel  (5),  seen  in  folds, 
is  suspended.  1 points  to  a gland,  a large  number  of  which  is  present,  connected 
to  one  another  and  to  the  bowel  by  fine  lymphatic  vessels.  2 indicates  a vein,  and 
3 an  artery  ramifying  through  the  mesentery  and  over  the  bowel. 

abdominal  wall  and  the  genital  organs;  the  other  (femoral), 
placed  vertically,  and  lying  over  the  femoral  artery,  receives 
the  lympliatics  from  the  inner  side  of  the  foot  and  leg.  A few 
glands  are  also  found  in  the  popliteal  space,  others  deep  among 
the  muscles  of  the  buttock,  and  one  on  the  anterior  interosseous 
membrane  near  the  upper  part  of  the  tibia. 

Lymphatics  of  the  Trunk. — The  lymphatics  of  the 
abdominal  viscera  are  very  numerous,  and  their  arrangement 
is  complicated.  Those  of  the  small  intestine  are  the  lacteals. 
They  lie  between  the  folds  of  peritoneum  called  the  mesentery, 
and  form  an  elaborate  and  beautiful  net-work,  in  the  midst  of 
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which  numerous  glands — the  mesenteric  glands — are  placed. 
The  lacteals  commence  in  the  villi  of  the  small  intestine,  where 
they  receive  the  chyle  resulting  from  digestion,  and  after 
forming  a net-work  in  the  mesentery,  and  passing  through 
the  glands,  form  several  large  trunks,  which,  uniting,  empty 
into  a sacculated  vessel,  the  chyle  reservoir,  forming  the 
beginning  of  the  thoracic  duct. 

Along  the  back  wall  of  the  abdominal  cavity  there  is  a large 
chain  of  glands  on  each  side,  the  lumbar  glands;  they  may  be 
traced  along  the  sides  of  the  iliac  vessels,  the  aorta  and  the 
inferior  vena  cava.  They  receive  the  lymphatics  of  the  lower 
limbs,  pelvis,  testicles,  liver,  spleen,  pancreas,  kidneys,  and 
stomach. 

The  Lymphatics  of  the  Lungs  form  a complex  system  of 
vessels  distributed  over  every  part  of  their  surface,  and  pene- 
trating very  freely  into  their  interior  along  the  course  of  the 
bronchial  tubes.  The  Glands  connected  with  these  vessels  are 
placed  at  the  root  of  the  lung  and  near  the  bifurcation  of  the 
wind-pi})e,  and  are  known  as  the  bronchial  glands;  they 
generally  become,  in  dwellers  in  towns,  the  seat  of  a consider- 
able deposit  of  carbon,  probably  derived  from  the  air  breathed. 

The  Thoracic  Duct  is  the  great  lymphatic  vessel  which 
collects  the  lymph,  from  the  greater  part  of  the  body  and  the 
whole  of  the  chyle,  and  carries  it  into  the  veins  at  the  root 
of  the  neck.  It  commences  by  a pear-shaped  dilatation,  the 
Chyle  Reservoir,  situated  on  the  front  of  the  body  of  the 
second  lumbar  vertebra,  and  immediately  below  the  diaphragm. 
From  this  origin  the  thoracic  duct  passes  through  the  aortic 
opening  of  the  diaphragm  and  along  the  front  of  the  vertebral 
column.  It  crosses  over  to  the  left  side  of  the  column  about 
the  middle  of  the  chest,  and  runs  behind  the  arch  of  the  aorta 
and  upwards  as  high  as  the  sixth  cervical  vertebra,  when  it 
turns  down  and  terminates  at  the  junction  of  the  left  sub- 
clavian and  internal  jugular  veins.  On  the  right  side  a small 
duct,  the  right  lymphatic  duct,  gathers  up  the  lymphatics  of 
the  right  arm,  right  side  of  head  and  neck,  and  part  of  the 
thorax,  and  empties  into  the  veins  of  that  side. 
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1,  Thoracic  iluct;  2,  chyle  reservoir;  :i,  teniiiiiatiou  of  the  tlioracic  duct  in  tlie  veins  at 
the  root  of  the  neck;  4,  intercostal  lyiniihatics;  5,  right  innominate  vein;  (i,  great 
azygos  vein ; 7,  lumbar  lymphatics  and  glands. 


Fig.  106.— The  Thoracic  Duct  and  Lymphatic  Vessels. 


NEUROLOGY. 


THE  CENTRAL  NERVOUS  SYSTEM  AND  THE  NERVES. 

The  central  nervous  .system  in  man  and  other  mammals  is 
formed  l)y  two  sets  of  central  nerve  apparatus,  the  cerebro- 
spinal system,  and  the  sympathetic  system.  The  cerebro-spinal 
system  consists  of  the  brain,  the  spinal  cord,  and  the  nerves 
springing  from  them;  the  sympathetic  system  is  made  up  of 
numerous  minute  ganglia,  either  scattered  irregularly  through 
the  body  or  arranged  in  chain-like  series,  and  of  fine  non- 
medullated  nerves  connecting  them  together,  or  passing  out 
from  them  to  organs  and  tissues. 

The  brain  is  situated  in  the  skull,  the  spinal  cord  in  the 
canal  formed  by  the  arches  of  the  vertebrse,  but  they  are 
inseparably  connected  at  the  foramen  magnum,  and  nerve- 
fibres  pass  from  one  to  the  other  l)oth  in  an  upward  and  down- 
ward course. 

The  Spinal  Cord. — The  spinal  cord  is  contained  in  the 
canal  formed  by  the  rings  of  the  vertebrse,  and  extends  from 
the  foramen  magnum  to  the  upper  border  of  the  body  of  the 
second  lumbar  vertebra.  It  is  from  fifteen  to  eighteen  inches 
in  length,  and  is  about  the  thickness  of  the  little  finger,  but  is 
thicker  in  the  lower  part  of  the  neck  where  the  nerves  for  the 
arms  are  given  off,  and  also  near  its  termination  where  the 
nerves  for  the  legs  have  their  origin.  It  is  enclosed  in 
coverings  or  membranes  (meninges),  which  serve  to  protect 
it  and  to  convey  vessels  for  its  nourishment.  The  inner  of 
these  called  the  pia  mater  is  in  close  contact  with  the  cord, 
and  gives  off  supporting  processes  to  its  interior;  outside  this 
is  a delicate  film-like  membrane,  the  arachnoid;  and  between 
these  a space  filled  with  a small  quantity  of  fluid,  the  cerebro- 
spinal fluid.  In  consequence  of  the  existence  of  this  fluid  the 
cord  is,  as  it  were,  suspended  in  a water-bed,  and  is  guarded 
against  shocks;  the  fluid  also  provides  a means  by  which 
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alterations  in  the  position  and 
vascularity  of  the  cord  may 
take  place.  Outside  the  arach- 
noid is  a much  thicker  and 
stronger  membrane,  the  dura 
mater,  forming  a protection 
for  the  cord,  and  loosely  con- 
nected with  the  bones.  The 
cord  is  kept  in  position  in  the 
canal  (1)  by  its  connection 
with  the  medulla  oblongata 
above;  (2)  by  a fine  thread 
passing  from  its  lower  end  to 
the  sacrum  (filum  terminale); 
(3)  by  the  nerves  passitig  off 
from  it  on  each  side,  and  (4) 
by  delicate  festooned  liga- 
ments, the  ligamenta  denti- 
culata,  passing  from  the  pia 
mater  to  the  arachnoid  and 
dura  mater.  Between  the  outer 
covering — the  dura  mater — 
and  the  bone,  there  are  very 
numerous  veins  and  a quan- 
tity of  fine  fat. 

Structure  of  the  Spinal 
Cord. — A transverse  section  of 
the  cord  demonstrates  that  its 
internal  structure  consists  of 
white  and  gray  nerve  matter, 
the  former  being  on  the  exte- 
rior and  the  latter  in  the  in- 
terior. In  front  and  behind 
are  two  fissures  cutting  into 
the  cord,  and  in  the  centre  a 
small  canal,  the  central  canal, 
which  runs  through  its  entire 


Fig.  107.— Brain  and  Spinal  Cord  in  Position. 

A,  Cerebrum,  or  brain  proper;  B,  cerebellum; 
C,  pons  Varolii,  and  below  it  the  medulla 
oblongata;  1),  I),  spinal  marrow,  showing  the 
origin  of  the  sjiinal  nerves;  E,  E,  spinous  i)ro- 
cesses  of  the  vertebnc  ; F,  7th  cervical  vertebra; 
(1, 12tli  dorsal  vertebra  ; II,  .5th  lumbar  verte- 
bra ; I,  sacrum. 
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length.  The  gray  matter  occupies  the  centre  of  the  cord  and 
forms  two  crescents  placed  back  to  back,  and  joined  together  by 
a gray  commissure ; one  end  of  each  crescent  is  large,  irregular, 
and  passes  towards  the  front  of  the  cord,  this  is  the  anterior 
cornu  (horn).  The  other  passes  Imckwards,  is  thinner,  sharper, 
and  reaches  nearly  to  the  edge  of  the  white  matter,  it  is  the 
posterior  cornu.  The  white  matter  is  divided  into  columns  by 
the  nerves  })assing  from  the  cornua  and  by  the  fissures.  In 
front,  the  white  matter  on  each  side  of  the  anterior  median 
fissure  (and  between  it  and  the  anterior  horn)  is  called  the 


Fig.  108.— Cross  Suction  of  tlie  Spinal  Cord.  Partly  diagrammatic.  Magnified. 


I,  Anterior  median  fissure;  II,  posterior  median  fissure;  A,  direct  pyramidal  tract;  A C, 
anterior  column;  PC,  posterior  column;  L C,  lateral  column;  C,  part  of  lateral  column 
and  1),  part  of  posterior  column  going  to  cerebellum;  E,  Posterior  median  column ; B, 
crossed  pyramidal  tract;  N C,  groups  of  cells  in  anterior  horn;  cc,  central  canal;  ar,  an- 
terior root  of  spinal  nerve;  pr,  posterior  root;  g,  ganglion  on  posterior  root;  sp,  spinal 
nerve. 

anterior  column;  that  between  the  posterior  cornu  and  the 
posterior  fissure,  the  posterior  column;  that  between  the 
roots  of  the  spinal  nerves,  the  lateral  column.  Besides  these 
anatomical  divisions  there  are  also  physiological  ones,  arising 
from  what  is  known  of  the  course  and  function  of  the  several 
nerve  strands  passing  to  or  from  the  brain.  Thus  in  fig.  108 
the  part  marked  A passes  to  the  hemisphere  of  the  brain  on 
the  same  side  through  the  anterior  pyramid  of  the  medulla, 
hence  it  is  named  the  direct  pyramidal  tract.  B is  a bundle 
of  fibres  which,  passing  through  the  pyramid  of  the  medulla, 
goes  to  the  opjwsite  hemisphere  of  the  brain,  hence  it  is  called 
the  crossed  pyramidal  tract,  c,  part  of  the  lateral  column, 
and  L),  part  of  the  posterior  column,  are  strands  going  directly 
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to  the  cerebellum;  the  direct  cerebellar  tract.  E goes  to  the 
cerebrum  and  is  called  the  posterior  median  column. 

The  gray  matter  of  the  spinal  cord  consists  of  non-medul- 
lated  nerve-fibres  and  of  multipolar  cells;  the  latter  are 
especially  large  in  the  anterior  cornu,  where  they  are  very 
much  branched,  and  are  connected  with  the  origin  of  the 
motor  iierves.  The  white  nerve  matter  is  formed  by  medul- 
lated  nerve-fibres,  some  of  which  are  the  continuation  of  the 
spinal  nerves,  others  connect  the  different  parts  of  the  spinal 
cord,  and  still  others  pass  up  to  the  brain. 

Origin  of  the  Spinal  Nerves. — Each  spinal  nerve  comes  off 
from  the  cord  by  two  roots  connected  with  the  two  cornua 
of  the  central  gray  matter.  The  anterior  root  arises  as 
scattered  fibres,  spread  a little  over  the  surface  of  the  cord;  it 
is  smaller  than  the  posterior  trunk,  is  motor  in  function,  and 
has  no  ganglion  in  its  course.  The  posterior  root  is  larger  but 
more  compact  than  the  anterior;  it  is  sensory  in  function,  and 
has  formed  on  it  a ganglion  of  considerable  size.  The  two 
nerves  unite  in  a bony  canal,  the  intervertebral  canal,  formed 
by  the  articulation  of  the  vertebrae  with  each  other;  they  again 
divide  into  two  divisions,  the  anterior  very  large,  and  the  pos- 
terior comparatively  small.  Both  divisions  are  mixed  nerves, 
that  is,  they  are  both  motor  and  sensory.  There  are  thirty- 
one  spinal  nerves  on  each  side  of  the  cord,  and  of  these  eight 
pairs  come  off  in  the  neck  (cervical),  twelve  in  the  back 
(dorsal),  five  in  the  loin  (lumbar),  five  are  sacral  and  one 
coccygeal.  The  upper  pairs  pass  almost  horizontally  outwards, 
the  lower  ones  slope  much  as  they  descend.  The  nerves  which 
go  to  the  legs  come  off  very  near  each  other,  and  })ass  down 
the  canal  in  a bundle,  called  the  cauda  equina  from  the 
appearance  of  them  resembling  the  tail  of  a horse.  The  dis- 
tribution of  the  nerves  will  be  described  after  the  centres 
have  been  fully  discussed. 
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THE  BRAIN. 

The  encephalon  or  brain  is  contained  in  the  cavity  of  the 
skull,  enclosed  in  membranes  like  those  enveloping  the  spinal 
cord.  It  is  divided  into  the  following  parts,  medulla  oblongata, 
pons  Varolii,  crura  cerebri,  cerebrum  or  great  brain,  and  cere- 
bellum or  lesser  brain. 

Medulla  Oblong’ata. — The  continuation  of  the  spinal  cord 
upwards  to  the  brain  is  named  the  medulla  oblongata;  at  its 
lower  part  it  is  undistinguishable  from  the  cord,  but  as  it 
ascends  it  widens  out  and  becomes  more  complicated.  In  front 
the  anterior  median  fissure  of  the  cord  is  continued  upwards; 
behind  the  posterior  fissure  is  distinguishable  at  the  lower  part, 
but  as  it  ascends  it  widens  and  forms  a diamond-shaped  cavity, 
the  fourth  ventricle.  The  upper  part  of  the  medulla  is  divis- 
ible into  four  strands  on  each  side.  (1)  Next  the  middle  line 
in  front  the  anterior  pyramid,  the  great  motor  tract;  (2)  out- 
side this  an  oval  projection,  called  from  its  appearance  the 
olivary  body;  (3)  further  l)ack  a third  strand,  passing  mainly 
to  the  cere1)ellum,  the  restiform  tract;  and  (4)  behind  this  a 
very  narrow  band,  the  posterior  pyramid,  continuous  with  the 
posterior  median  column  of  the  cord,  and  passing  up  to  the 
brain. 

Al)out  the  lower  third  of  the  medulla  the  anterior  median 
fissure  is  interrupted  by  filjres  crossing  it,  this  communication 
being  known  as  the  decussation  of  the  pyramids.  In  it  the 
motor  fibres  of  each  lateral  column  of  the  spinal  cord  pass 
across  to  join  those  of  the  anterior  pyramid  of  the  opposite 
side. 

The  medulla  oblongata  is  one  of  the  most  important  parts 
of  the  cerebro-spinal  system.  It  is  traversed  by  all  the  nerve- 
fibres  passing  from  the  brain  to  the  spinal  cord;  in  its  interior 
and  on  its  posterior  aspect  are  masses  of  gray  matter  from 
which  several  of  the  most  important  nerves  arise.  Some  of  these 
masses  form  the  reflex  centres  for  the  movements  of  the  heart, 
the  movements  of  respiration,  the  movements  of  swallowing, 
the  secretion  of  saliva,  and  the  nerve  influence  on  the  blood- 
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vessels.  Injury  to  the  medulla  is  therefore  always  serious  and 
often  fatal. 

Pons  Varolii  and  Crura  Cerebri.— Al)ove  the  medulla 
oblongata  is  a transverse  band  of  white  nerve  matter,  known 
as  the  pons  Varolii  (bridge  of  Varolius).  It  is  broad  in  the 
middle,  and  narrows  at  each  side  where  its  fibres  pass  into  the 
cerebellum  (little  brain).  It  is  formed  mainly  of  nerve-fibres 


Fig.  109.— Medulla  Oblongata 
and  Pons  Varolii. 

.1/,  Medulla  oblongata;  p,  an- 
terior pyramid;  d,  decussa- 
tion of  pyramids;  o,  olivary 
body ; P,  pons  Varolii ; c h, 
crus  cerebelli;  s,  crus  cerebri; 
m,  corpus  albicans;  t,  optic 
tract;  c,  optic  commissure; 
2,  optic  nerve;  3,  third  nerve; 
4,  fourth  nerve;  5,  fifth  nerve; 
a,  its  sensori’  root;  b,  its 
motor  root ; p,  Gasserian 
ganglion ; 6,  sixth  nerve ; 
7,  facial  nerve;  8,  nerve  of 
hearing;  9,  glosso- pharyn- 
geal nerve;  10,  vagus;  11, 
spinal  accessory;  12,  hypo- 
glossal; 1',  first  spinal  nerve; 
2',  second  spinal  nerve;  y,  its 
ganglion. 


passing  to,  or  leaving  the  cerebrum  (great  brain)  and  the  cere- 
bellum, but  contains  also  a little  gray  nerve  matter.  The 
fibres  may  be  divided  into  superficial  and  deep  transverse 
fibres,  connecting  the  two  halves  of  the  cerebellum;  and  super- 
ficial and  deep  longitudinal  fibres  passing  from  the  medulla 
oblongata  to  the  cerebrum.  Emerging  from  its  ujiper  edge 
are  two  white  strands,  which  diverge  as  they  pass  u]iwards  to 
enter  the  under  surface  of  each  hemisphere;  these  are  the  crura 
cerebri,  the  foot-stalks  or  supporting  stems  of  the  brain.  They 
contain  the  fibres  continued  from  the  medulla  and  jiassing  to 
the  brain. 
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CSPGbrum  or  Great  Brain. — The  cerebrum  or  great 
brain  is  almost  completely  divided  into  two  halves  or  hemi- 
spheres by  a longitudinal  fissure,  and  the  surfaces  of  these 
are  divided  by  tortuous  grooves  or  sulci  into  convolutions. 

The  Cerebrum  is  oval  in  shape,  arched  above,  and  a little 
flattened  below,  narrowei*  in  front  than  l>ehind,  broadest  about 

the  level  of  the 
ears.  The  two  hemi- 
spheres are  held  to- 
gether by  a broad 
arched  band  of  white 
nerve  matter,  the 
corpus  callosum, 
which  can  be  seen 
at  the  bottom  of  the 
longitudinal  fissure 
when  the  hemi- 
spheres are  separ- 
ated. 

Fissures.  — The 

most  important  fis- 
sure on  the  side  of 
the  brain  is  the 
fissure  of  Sylvius; 
on  the  under  aspect 
of  the  brain  it  divides 
the  middle  from  the 
frontal  part,  and  passes  obliquely  upwards  on  the  outer  surface 
for  a considerable  distance.  Another  important  fissure  may 
be  seen  on  the  convex  upper  and  outer  part  of  the  brain,  run- 
ning obliquely  downwards  and  forwards;  it  is  called  the  fissure 
of  Rolando,  and  has  in  recent  years  received  great  attention, 
because  the  convolutions  bordering  on  it  contain  the  motor 
centres  for  the  leg,  arm,  face,  and  head.  Still  another  fissure, 
called  parieto-occipital,  requires  to  be  mentioned;  it  is  situ- 
ated near  the  back  of  the  brain,  and  is  well  marked  on  the 
inner  surface  of  the  hemisphere,  Imt  extends  only  a short  dis- 


Fig.  110. — View  of  Upper  Surface  of  the  Braiu. 

A A,  Great  longitudinal  fissure;  BB,  cerebral  hemispheres. 
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tance  on  to  the  vertex.  Numerous  other  fissures  are  described 
and  named,  but  they  are  not  sufficiently  important  to  justify 
their  description  in  a work  of  this  character. 

Lobes  and  Convolutions  of  the  Brain. — The  anterior 
part  of  each  hemisphere  rests  on  the  roof  of  the  eye-socket,  and 
forms  the  Frontal  lobe;  posteriorly,  this  lolie  is  limited  by  the 
fissure  of  Rolando  and  the  fissure  of  Sylvius. 

The  Parietal  lobe  forms  the  middle  part  of  the  surface  of  the 


Fig.  111.— Side  View  of  Convolutions  of  Brain.  [IVilson,  after  Marshall  ] 


C,  Central  lol)e,  or  island  of  Reil ; P,  frontal  lobe;  P,  parietal  lobe;  O,  occipital  lobe;  T,  temporo- 
sphenoidal  lobe— the  lower  c indicates  the  anterior  division  of  fissures  of  S^lviiis,  the  upper  c 
the  precentral  fissure ; d,  fissure  of  Rolando ; e,  Sylvian  fissure,  posterior  division ; /,  parallel 
fissure;  p,  superior  temporal  fissure;  1,  lower  frontal  eonvolution;  2,  middle  frontal  convolu- 
tion ; 3,  upper  frontal  convolution  ; 4,  ascending  frontal  convolution  ; 4",  lobe  of  Broca;  5,  ascend- 
ing parietal  convolution;  5',  superior  parietal  convolution;  5",  sui)ra-marginal  convolution;  A, 
inferior  parietal  convolution  ; 6,  angular  gyrus;  7,  first  temporo-sphenoidal  convolution  ; 8,  second 
temporo-sphenoidal  convolution;  9,  third  temporo-sphenoidal  convidution  ; 10,  first  occipital  con- 
volution ; 11,  second  occipital  convolution ; 12,  third  occii)ital  convolution ; a.  First  or  upper 
external  bridging  convolution ; second  external  bridging  convolution ; y,  third  external 
bridging  eonvolution  ; h,  fourth  external  bridging  convolution. 

hemisphere,  and  is  bounded  in  front  by  the  fissure  of  Rolando, 
below  by  the  fissure  of  Sylvius.  The  posterior  limit  of  this  lobe 
is  ill-defined  in  the  human  brain,  in  conseipience  of  a number  of 
bridging  convolutions  obliterating  the  parieto-occijiital  fissure. 

The  Occipital  lobe  is  the  small  posterior  triangular  portion 
of  the  brain,  behind  the  parieto-occipital  fissure. 

The  Temporo-sphenoidal  lobe  is  the  ])art  of  the  brain  lying 
on  the  temporal  bone  and  great  wing  of  the  s})henoid : it  is 
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separated  from  the  rest  of  the  hemisphere  above,  in  front,  and 
to  the  inner  side  by  the  fissure  of  Sylvius,  but  below  and  be- 
hind is  in  structural  connection  with  the  occipital  lobe. 

Situated  deeply  in  the  fissure  of  Sylvius  is  a small  group  of 
convolutions,  receiving  the  name  of  the  Island  of  Reil  or  Cen- 
tral lobe. 

Base  of  the  Brain. — At  the  under  surface  of  the  base  of 
the  brain  we  find  the  cranial  nerves,  and  certain  other  structures 


A,  Frontal  lobe;  A',  fissure  of  Sylvius; 
A",  tempoi’o-sphenoidal  lobe ; A'", 
occipital  lobe;  C,  cerebellum  or 
lesser  brain;  Met,  medulla  oblon- 
gata ; P V,  pons  Varolii ; T p,  pitui- 
tary body;  1-1,  first  pair  of  nei'ves, 
or  olfacionj  nerves;  2-2,  second 
pair,  or  op<ic  nerves;  3-3,  third  pair, 
or  common  motor  nerves  to  muscles 
of  eyeball ; 4-4,  fourth  pair,  or 
pathetic  nerves  for  one  muscle  of 
eyeball ; 5-5,  fifth  pair,  trifacial  or 
tngeminal,  giving  sensibility  to 
face,  tongue,  and  teeth,  and  mo- 
tion to  muscles  of  mastication; 
()-6,  sixth  pair,  or  abducent  nerves, 
to  external  rectus  muscle  of  eye- 
ball; 7-7,  seventh  and  eighth  pairs; 
a,  facial,  giving  power  of  motion 
to  muscles  of  face,  and  b,  auditory, 
or  nerve  of  hearing;  8-8,  ninth, 
tenth,  and  eleventh  pairs;  a, 
ylosso-pharyngeal,  supplying  sen- 
sibility to  tongue  and  back  of 
throat,  also  partially  motor;  b, 
pneumogastric,  supplying  throat, 
heart,  lungs,  and  stomach ; and 
c,  spinal  accessory,  giving  motor 
power  to  certain  muscles  of  neck ; 
9-9,  twelfth  pair,  or  hypoglosscd, 
supplying  power  of  motion  to 
tongue  and  to  several  muscles  in 
neck. 


Fig.  112. — View  of  the  Lower  Sui’face  of  the  Brain. 


which  require  to  be  recognized.  If  the  brain  be  placed  with 
its  base  upwards  we  notice  those  structures  in  the  following 
order,  proceeding  from  before  backwards : — (l)The  longitudinal 
fissure,  and  at  the  bottom  thereof  the  anterior  extremity  of  the 
corpus  callosum;  (2)  on  each  side  of  this  fissure  are  seen  the 
olfactory  bulbs  and  tracts  (nerves  of  smell)  lying  on  the  under 
surface  of  the  frontal  lolies;  they  constitute  the  first  pair  of 
cranial  nerves ; (3)  behind  the  fissure  the  optic  nerves  (nerves  of 
sight)  are  found;  they  are  united  in  a firm  and  complex  union 
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— the  optic  commissure — l^ehind  which  they  may  be  traced 
backwards  as  a white  band  on  each  side  of  the  under  surface  of 
the  brain,  the  optic  tracts;  (4)  between  the  front  parts  of  the 
optic  tracts  is  a small  funnel  of  gray  matter  (tul)er  cinerium) 
connected  with  a peculiar  little  mass,  the  pituitary  body ; and 
behind  this  (5)  are  two  little  white  eminences  -(corpora  albi- 
cantia);  (6)  further  back  we  see  the  two  foot-stalks  of  the 
brain  (crura  cerebri)  emerging  from  the  pons;  (7)  betweeri 
the  two  crura  are  placed  the  third  nerves,  for  the  supply  of  the 
muscles  of  the  eyeball.  Next  comes  (8)  the  pons  Varolii  (already 
described),  on  the  outer  sides  of  which  will  bo  seen  (9)  the 
fourth  nerves ; emerging  from  its  substance  are  (10)  the  fifth 
nerves,  and  in  the  groove  l)etween  it  and  the  medulla  oblon- 
gata there  spring  the  sixth  (11)  and  seventh  (12)  cranial  nerves. 
Behind  the  pons  will  be  seen  (13)  the  medulla,  the  parts  of 
which  have  been  already  described.  In  addition,  we  see  the 
under  surface  of  the  frontal  and  temporo-sphenoidal  lobes  and 
the  lateral  halves  of  the  cere])ellnm. 

IntGPior  of  the  Brain. — The  interior  of  the  brain  con- 
tains several  cavities  called  ventricles,  the  remains  of  the 
vesicles  from  which  it  was  originally  formed.  Two  of  these 
much  larger  than  the  rest  are  found  in  the  interior  of  the 
hemispheres,  and  are  called  the  lateral  ventricles;  it  is  these 
especially  which  become  distended  in  what  is  popularly  called 
“water  on  the  head”,  or  hydrocephalus.  On  their  floor  is  a 
longitudinal  band  of  white  nerve  matter,  the  fornix  (fig.  113,k), 
and  beneath  it  the  pia  mater  (one  of  the  mendwanes  of  the 
brain)  penetrates  into  the  interior,  carrying  arterial  and  venous 
plexuses.  These  structures  se[)arate  the  cavit)^  of  the  lateral 
ventricles  from  a smaller  space  near  the  base  of  the  brain,  the 
third  ventricle;  this  communicates  by  a small  canal  (the  aque- 
duct of  Sylvius)  with  a space,  the  fourth  ventricle,  placed  be- 
tween the  pons  and  medulla  below  and  the  cerebellum  above. 

Embedded  in  the  lower  part  of  the  hemispheres  are  what 
are  known  as  the  basal  ganglia;  they  contain  a very  large 
amount  of  gray  matter  (nerve  cells  and  non-medullated  nerve 
fibres),  and  are  connected  with  the  nerve  fibres  of  the  crura. 
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pons,  and  medulla.  There  are  two  of  these  at  each  side,  namely, 
in  front  a mass  presenting  a streaked  appearance,  in  conse- 
quence of  the  gray  matter  being  traversed  by  white  fibres,  the 
corpus  striatum;  and  behind  this  a grayer  mass,  the  thalamus 
opticus.  The  corpus  striatum  is  concerned  in  the  conveyance 
downwards  of  motor  impulses  to  the  muscles ; injury  or  disease 
of  it,  therefore,  produces  motor  paralysis.  The  thalamus 
opticus  (fig.  11.3,  c)  receives  the  sensory  nerves,  and  forwards 


Fig.  113.— View  of  a Section  of  the  Brain  in  the  Median  Line.  The  inner  aspect  of  the 

left  side  is  seen. 

A,  Plane  of  the  longitudinal  fissure;  B,  corpus  callosum;  C,  optic  thalamus;  D,  pons  Varolii, 
under  which  is  seen  the  medulla  oblongata;  E,  spinal  cord;  F,  section  of  cerebellum,  showing 
its  peculiar  arborescent  appearance,  which  has  given  it  the  name  of  “ tree  of  life  ”;  G,  left  half 
of  the  cerebellum,  showing  folia;  H,  corpora  quadrigemina;  J,  pineal  gland;  K,  fornix;  4</i 
V,  fourth  ventricle. 

sensory  impressions  to  the,  cortex  of  the  brain;  injury  or  dis- 
ease of  it,  therefore,  produces  sensory  paralysis.  In  both  cases 
it  is  the  opposite  side  of  the  body  which  is  affected,  this  result 
being  brought  about  in  the  case  of  the  corpus  striatum  by  the 
nerves  crossing  to  the  opposite  side  in  the  medulla  (decussation 
of  the  pyramids),  and  in  the  case  of  the  optic  thalamus  by  the 
nerves  crossing  in  the  spinal  cord. 

Near  the  middle  line,  overlying  the  upper  part  of  the  pons, 
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are  twin-like  bodies,  having  the  appearance  of  each  being 
divided  into  two  to  form  four,  the  corpora  quadrigemina  or 
optic  lobes  (fig.  113,  ii).  They  are  white  on  their  exterior,  but 
contain  gray  matter  in  their  interior,  and  are  connected  with 
the  sense  of  vision  and  the  movements  of  the  eyeballs. 

The  different  parts  of  the  l)rain  are  connected  together  by 
fibres  passing  in  various  directions;  of  these  the  most  import- 
ant are  (1)  the  transverse  fibres  of  the  corpus  callosum,  (2) 
those  crossing  the  cavity  of  the  third  ventricle,  and  (3)  the 
longitudinal  fibres  of  the  fornix. 

The  great  brain  difters  from  the  spinal  cord  in  having  its 
white  matter  in  the  interior  and  the  bulk  of  its  gray  matter  on 
the  surface.  The  latter  forms  a layer  of  al)out  three-quarters 
of  an  inch  in  thickness,  spread  over  the  surface  of  all  the  com 
volutions,  and  dipping  into  all  the  fissures;  it  is  assumed  that 
in  this  gray  matter  mental  processes  have  birth,  motor  acts  origi- 
nate, and  sensations  are  experienced.  Gray  matter  is  also  found 
in  other  parts  of  the  cerebrum,  such  as  the  basal  ganglia,  the 
base  of  the  brain,  corpora  quadrigemina,  crura,  pons  Yarolii, 
medulla,  Yc. 

The  Cerebellum. — The  cerebellum  (fig.  113,  g),  or  lesser 
brain,  lies  in  the  posterior  fossa  of  the  cranium,  and  in  man  is 
covered  l)y  the  posterior  lobe  of  the  cerebrum.  It  is  placed 
behind  and  above  the  pons  and  medulla,  and  is  connected  with 
the  latter  by  the  restiform  tracts.  It  consists  of  two  hemi- 
spheres, joined  together  by  a central  mass, called  the  vermiform 
process,  and  has  on  its  under  surface  a depression  or  valley 
which  receives  the  medulla  oblongata.  It  is  separated  from 
the  cerebrum  by  a horizontal  shelf,  formed  l>y  the  dura  mater 
of  the  brain,  and  called  (from  its  appearance)  the  tentorium 
cerebelli.  The  cerebellum  is  connected  with  other  i)arts  of 
the  nerve  centres  by  a strand  of  white  matter  on  each  side,  the 
crus  cerebelli,  and  each  crus  is  found  to  consist  of  three  tracts 
or  peduncles — (1)  one  from  the  great  brain  (processus  e cere- 
bello  ad  testes);  (2)  another  connecting  the  two  hemispheres 
of  the  cerebellum  (the  pons  Varolii);  and  (3)  the.  third,  the 
restiform  tract,  ])assing  to  the  medulla. 
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The  exterior  of  the  cerebellum  is  divided  into  lobes,  and 
these  again  into  small  divisions  by  horizontal  furrows,  so  that, 
instead  of  forming  convolutions  like  those  of  the  great  brain, 
it  forms  narrow  sections,  resembling  the  leaves  of  a book  as 
seen  from  the  edge.  Its  internal  structure  shows  lai'ge  strands 
of  white  matter  radiating  from  the  centre  and  dividing  into 
numerous  branches;  around  these  branches  the  gray  matter  is 
arranged  in  such  a manner  as  to  suggest  the  leaves  of  a tree, 
and  hence  the  appearance  has  received  the  name  of  arbor  vitae 
or  tree  of  life. 

Membranes  of  the  Brain. — The  brain  is  protected  by  the 
same  three  membranes  as  the  spinal  cord,  but  they  are  some- 
what dilfei’ently  arranged.  The  inner  membrane,  the  pia 
mater,  covers  the  whole  of  the  convolutions,  dips  into  all  the 
fissures,  and  penetrates  into  the  interior  of  the  brain  at  the 
back  part;  it  is  crowded  with  blood-vessels  passing  to  the 
brain  surface,  and  its  connection  with  the  latter  is  maintained 
chiefly  by  the  small  vascular  twigs  passing  to  it.  It  is  thus 
the  great  vascular  membrane,  and  its  purpose  is  to  supply 
l)lood  to  the  brain. 

The  middle  membrane,  the  arachnoid,  covers  the  convolu- 
tions, but  does  not  dip  into  the  fissures.  At  the  back  part  of 
the  brain,  at  the  base,  and  above  the  corpus  callosum,  an  in- 
terval is  left  between  the  arachnoid  and  pia  mater,  which  is 
occupied  by  the  cerebro-spinal  fluid.  This  fluid,  as  we  have 
stated  elsewhere,  surrounds  the  spinal  cord,  and  the  space 
around  the  cord  is  in  free  communication  with  the  spaces  about 
the  brain,  so  that  the  fluid  can  pass  from  the  brain  to  the  spinal 
cord  or  vice  versa.  Further,  the  same  fluid  is  contained  in  the 
ventricles  of  the  brain,  and  those  cavities  are  in  communication 
with  the  subarachnoid  spaces  of  the  brain  and  spinal  cord. 

The  outer  membrane  of  the  brain  is  the  dura  mater;  it  is 
much  thicker  and  stronger  than  the  others.  It  closely  lines 
the  interior  of  the  bones  of  the  skull,  and  acts  as  a periosteum 
to  them;  its  layers  divide  to  form  the  venous  channels,  already 
described  under  the  name  of  sinuses  of  the  brain.  Processes 
or  folds  of  the  dura  pass  between  the  several  divisions  of  the 
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brain  and  serve  to  support  and  separate  them.  Of  these  pro- 
cesses the  most  important  are  the  falx  cerel)i'i  and  the  tentorium 
cerebelli.  The  falx  cerebri  is  a sickle-shaped  fold  of  dura 
mater,  passing  vertically  down  between  the  two  hemisi)heres 
of  the  great  brain,  and  attached  below  and  behind  to  the  ten- 
torium; in  its  upper  border  runs  the  superior  longitudinal 
sinus,  in  its  lower  the  inferior  longitudinal  sinus,  and  in  its 
union  with  the  tentorium  the  straight  sinus.  The  tentorium 
cerebelli  is  a process  of  dura  mater,  projected  inwards  between 
the  cerebrum  and  cerebellum  from  the  transverse  ridge  on  the 
occipital  bone,  and  attached  in  front  to  the  edge  of  the  petrous 
bone;  at  its  anterior  border  is  a large  opening  for  the  passage 
of  the  medulla  and  pons.  In  its  connection  with  the  occipital 
l)one  it  forms  channels  for  the  lateral  sinuses. 

Blood-Vessels  of  the  Brain. — The  arteries  are  placed  at 
the  base  of  the  brain,  the  main  vessels  uniting  to  form  the 
series  of  communications  described  on  p.  117  und§r  the  name 
of  the  circle  of  Willis.  Branches  of  these  arteries  run  in  the 
fissures  between  the  convolutions,  and  are  distributed  to  the 
cortex  of  the  brain;  others  pass  into  the  interior  to  supply  the 
basal  ganglia  and  walls  of  the  ventricles.  It  is  a peculiar  feature 
of  the  vascularization  of  the  brain  that,  while  an  elaborate 
system  of  communicating  vessels  exists  at  the  base,  there  are 
exceedingly  few  anastomoses  in  the  substance  of  the  organ, 
nearly  every  branch  being  what  is  called  an  “end-artery”. 
The  veins  are  very  large,  do  not  accompany  the  arteries,  and 
are  most  numerous  at  the  vertex;  they  end  in  the  venous 
channels  called  sinuses. 

The  branches  both  of  the  arteries  and  veins,  which  ramify 
in  the  substance  of  the  l)rain,  are  very  small,  and  are  much 
more  copiously  supplied  to  the  gray  matter  than  to  the  white. 

Weight  of  the  Brain  . — The  average  weight  of  the  brain  is 
49  ounces  in  the  male  and  45  ounces  in  tlie  female.  It  attains 
its  maximum  weight  at  fi-om  25  to  35  in  the  male  and  a 
little  earlier  in  the  female,  remains  stationary  for  about  ten 
years,  and  then  diminishes  in  weight  at  the  rate  of  about  I 
ounce  for  every  ten  years.  The  proportion  which  the  weight 
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of  the  brain  bears  to  the  weight  of  the  body  is  on  an  averao;e 

<D  tj  O 

1 to  36‘5. 

CRANIAL  NERVES. 

The  nerves  derived  from  the  brain  are,  for  the  most  part, 
connected  with  the  pons  and  medulla,  but  the  first  pair  (olfac- 
tory) lie  on  the  under  surface  of  the  frontal  lobes;  the  second 
(optic)  are  in  the  middle  of  the  base;  and  the  third  and  fourth 
are  placed  in  front  and  behind  the  crura  cerebri.  The  follow- 
ing table  shows  the  numbering  and  naming  of  the  cranial  nerves, 
according  to  the  classification  of  AVillis  and  of  Soemmering; 
that  of  the  latter  author  will  be  followed  in  this  work: — ■ 


Willis. 

Soemmering. 

Name. 

First. 

First. 

Olfactory. 

Second. 

Second. 

Optic. 

Third. 

Third. 

Motor  of  Eyeball. 

Fourth. 

Fourth. 

Pathetic. 

Fifth. 

Fifth. 

Trigeminal. 

Si.xth. 

Si.xth. 

Abducent. 

Seventh. 

^ Seventh. 

Facial. 

( Eighth. 

Auditory. 

i Ninth. 

Glosso-pharyngeal. 

Eighth. 

1 Tenth. 

Vagus. 

( Eleventh. 

Spinal  accessory. 

Ninth. 

Twelfth. 

Hypoglossal. 

First  Pair  of  Cranial  Nerves  Olfactory. — The  olfac- 
tory nerve  commences  as  the  olfactory  tract  on  the  under 
surface  of  the  frontal  lobe  of  the  brain;  after  running  about  an 
inch,  it  enlarges  and  forms  an  oval  expansion,  the  olfactory 
bulb,  which  lies  on  the  cribriform  plate  of  the  ethmoid  bone. 
From  the  bulb  a large  number  of  very  fine  non-medullated 
nerve  filaments  pass  through  the  sieve-like  openings  in  the 
ethmoid,  to  the  mucous  membrane  of  the  upper  part  of  the 
nasal  cavity.  The  part  to  which  they  go  is  known  as  the 
olfactory  tract,  and  is  the  only  part  of  the  nose  endowed  with 
the  sense  of  smell. 

Second  Pair  of  Cranial  Nerves  - Optic. — The  optic 

nerve  originates  at  the  back  part  of  the  brain  in  connection 
with  the  thalamus  opticus  and  corpora  quadrigemina,  and 
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forms  a narrow  flattened  band,  the  optic  tract.  This  winds 
rounds  the  under  surface  of  the  crus  cerebri  to  reach  the  base 
of  the  brain,  on  the  anterior  part  of  Avhich  it  joins  with  its 
fellow  of  the  opposite  side  in  the  formation  of  the  optic 
commissure,  where  an  interchange  takes  place  between  the 
fibres  of  the  two  nerves.  The  optic  nerves  proceed  from  the 
commissure  to  the  orbits,  which  they  enter  l)y  the  0})tic  fora- 
mina in  the  sphenoid,  to  terminate  in  the  l)ack  ]>art  of  the  eye- 
balls. As  the  name  indicates,  they  are  the  nerves  of  sight. 

Third  Pair  of  Cranial  Nerves  — Motor  Nerves  of 
Eyeballs. — The  third  nerve  emerges  from  the  brain  on  the 
inner  side  of  the  crus  cerebri,  enters  the  orbit  by  the  sphe- 
noidal fissure,  and  is  distributed  to  the  levator  palpebrse, 
superior  rectus,  inferior  rectus,  intermd  rectus,  and  inferior 
oblique  muscles;  that  is  to  say,  all  the  muscles  of  the  eye- 
socket  except  the  superior  ol)lique  and  external  rectus. 

Fourth  Pair  of  Cranial  Nerves  -Pathetic. — The  fourth 
nerve  comes  from  the  outer  side  of  the  crus  cerebri,  enters  the 
orbit  through  the  sphenoidal  fissure,  and  is  distril)uted  to  the 
superior  oblique  muscle  of  the  eye. 

Fifth  Pair  of  Cranial  Nerves — Trigeminal. — This  is 
one  of  the  most  complex  and  important  of  all  the  cranial 
nerves.  It  gives  motor  supply  to  all  the  muscles  of  mastication; 
gives  sensation  to  the  temple,  face,  surface  of  the  eye,  nasal 
cavities,  and  mouth ; controls  the  secretion  of  the  salivary 
glands;  is  connected  with  the  sense  of  taste  of  the  tip  and 
sides  of  the  tongue;  and,  finally,  gives  filaments  to  the  teeth 
of  both  jaws.  It  arises  from  the  lateral  aspect  of  the  pons  in 
two  nerve  bundles;  the  smaller  being  motor  in  function,  and 
the  larger  being  sensory.  After  leaving  the  brain  they  lie 
near  the  tip  of  the  petrous  bone,  and  the  sensory  root  spreads 
out  to  form  a large  ganglion,  the  Gasserian  ganglion,  from 
which  three  trunks  are  given  off',  the  ophthalmic,  the  superior 
maxillary,  the  inferior  maxillary. 

The  Ophthalmic  division  of  the  fifth  nerve  divides  into 
three  branches,  which  enter  the  orbit  through  the  sphenoidal 
fissure;  they  are  the  frontal,  lachrymal,  and  nasal.  The  frontal 
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nerve  divides  into  branches  which  pass  to  the  forehead,  and 
are  distributed  to  the  skin  j this  nerve  is  one  of  the  commonest 
seats  of  neuralgia  (supra-orbital).  The  lachrymal  nerve  goes 
to  the  tear-gland,  at  the  outer  side  of  the  orbit,  and  to  the 
outer  part  of  l)oth  eyelids.  The  nasal  nerve  goes  to  the  interior 
and  exterior  of  the  nose,  and  to  the  eyeball  and  lower  eyelid. 


Fig.  114.— Branches  of 
the  Fifth  Nerve. 

Temporal  fascia ; 2,  tem- 
poral muscle ; 3,  seusorj- 
branches  to  temple ; 4 
and  5,  motor  branches  to 
temporal  muscle ; 6,  e.\- 
ternal  iiterygoid  muscle; 
7,  branch  of  masseteric 
nerve  to  temporal  mus- 
le ; 8,  nerve  to  buccina- 
tor ; 9,  masseteric  nerve ; 
10,  buccal  branch  of 
seventh ; 11,  nerve  to 

temple  and  ear;  12,  nerve 
to  tongue;  13, facial  nerve; 

14,  buccinator  muscle ; 

15,  internal  pterygoid 
muscle ; 16,  branch  of 
facial  going  to  lower 
part  of  face ; 17,  inferior 
dental ; 18,  its  mental 
branches;  19,  its  mylo- 
hyoid branch;  20,  inferior 
dental  canal;  21,  masse- 
ter muscle.  [Wilson, after 
Ilirschfeld  and  Leveillfe.] 


The  Superior  Maxillary  division  of  the  fifth  nerve  leaves 
the  skull  through  a small  opening  in  the  sphenoid  bone  (fora- 
men rotundum),  passes  along  a canal  in  the  floor  of  the  orbit, 
and  comes  out  on  to  the  face  through  the  infra-orbital  foramen 
just  below  the  lower  margin  of  the  eye-socket.  It  supplies 
the  muscles  and  skin  of  the  face,  and  the  teeth  of  the  upper 
jaw;  it  is  not  infrequently  the  seat  of  neuralgia  (infra-orbital). 

The  Inferior  Maxillary  division  receives  the  motor  root  of 
the  fifth,  and  therefore  becomes  a mixed  nerve.  It  passes 
through  the  oval  foramen  in  the  sphenoid  bone  and  divides 
into  two  trunks,  one  almost  entirely  sensory,  and  the  other 
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almost  entirely  motor.  The  sensory  trunk  gives  l)ranches  to 
tlie^  temple,  parotid  gland,  teeth  of  the  lower  jaw,  mncoiis 
membrane  of  the  mouth  and  tongue;  the  latter  Ijranch  (called 
lingual)  is  by  some  regarded  as  the  nerve  of  taste  of  the  front 
part  of  the  tongue.  The  motor  truidc  supplies  the  muscles 
of  mastication,  namely,  the  temporal,  masseter,  external  j)tery- 
goid,  and  internal  pterygoid,  and,  in  addition,  part  of  the 
digastric  muscle,  and  the  mylo-hyoid  which  forms  the  floor  of 
the  mouth.  A singular  branch  of  the  seventh  nerve  (the 
chorda  tympani)  enters  into  intimate  relation  with  the  lingual 
l)ranch  of  the  fifth. 

Sixth  Pair  of  Cranial  Nerves— Abducent.— This  is  a 
small  nerve  springing  from  between  the  i)ons  and  medulla  ; it 
enters  the  orbit  by  the  sphenoidal  fissure  and  j>asses  to  the 
external  rectus  muscle  of  the  eye.  It  also  gives  a Ijranch  to 
the  eyeball. 

Seventh  Pair  of  Cranial  Nerves  — Facial.  — The 
seventh  is  the  great  motor  nerve  of  the  face,  sup])lying  all  the 
muscles  of  expression.  It  arises  between  the  pons  and  medulla, 
and  leaves  the  cavity  of  the  skull  by  the  internal  auditory 
meatus  in  the  petrous  bone.  It  traverses  a tortuous  canal  (the 
aqueduct  of  Fallopius)  in  the  substance  of  that  Ijone,  and 
emerges  a little  to  the  inner  side  of  the  mastoid.  In  its  course 
through  the  canal  it  runs  along  the  upper  ])art  of  the  cavity  of 
the  middle  ear  (tympanum),  and  this  ex})lains  how  it  hap[)ens 
that  in  some  cases  of  suj)purative  disease  of  the  ear,  paralysis 
of  the  face  ensues,  the  nerve  being  involved  in  the  disease  of 
the  cavity.  On  reaching  the  exterior  of  the  skull  the  facial 
nerve  enters  the  substance  of  the  parotid  gland,  and  divides 
into  a large  number  of  branches  which,  as  they  leave  the  gland, 
spread  out  on  the  face  and  side  of  the  head.  The  branches 
form  numerous  communications  between  themselves  and  with 
the  branches  of  the  three  divisions  of  the  fifth  nerve,  the  mesh- 
like arrangement  thus  resulting  having  received  the  fantastic 
title  of  the  pes  anserinus  or  “goose’s  foot”. 

The  facial  nerve  gives  off,  while  in  the  })etrous  l)one,  a branch 
called  the  chorda  tympani,  which  has  proved  a ])uzzle  to  anato- 
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mists  and  physiologists.  It  traverses  the  cavity  of  the  middle 
ear,  passing  between  the  little  bones  situated  there,  and  after 
leaving  the  temporal  bone,  enters  the  sul)stance  of  the  parotid 
gland;  it  there  joins  the  lingual  branch  of  the  inferior  maxillary, 
and  with  it  passes  to  the  submaxillary  gland  and  to  the  tongue. 


3 I 


Zl 

Fig.  115.— Nerves  of  the  Face  aud  Scalp.  [AV^ilsoii,  after  Ilirsciifeld  and  Leveill6.] 


1,  iluscle  of  the  ear;  2,  occipital  frontalis;  3,  branch  of  fifth  nerve  to  ear  and  temple;  4,  temporal 
branches  of  facial;  5,  elevator  muscle  of  ear;  6,  small  branch  of  oi)hthalmic  nerve;  7,  occipito- 
frontalis (posterior  belly);  8,  supra-orbital  branch  of  ophthalmic;  9,  retractor  muscle  of  ear;  10,  small 
branch  of  superior  maxillary  nerve  ; 11,  lesser  occipital  nerve ; 12,  malar  branches  of  facial ; 13, 
branch  of  facial  to  back  of  ear ; 14,  malar  branches ; 15,  great  occipital ; 16,  infra-orbital  branches 
of  facial;  17,  facial;  18,  nasal  branch  of  ophthalmic;  19,  cervico-facial  division  of  facial;  20,  infra- 
orbital branch  of  fifth;  21,  branches  of  facial  to  digastric  and  stylo-hyoid;  22,  temporo- facial 
division  of  facial;  23,  great  auricular;  24,  buccal  branches  of  facial;  25,  trapezius  muscle;  26,  buccal 
nerve;  27,  deep  muscle  of  neck;  28,  masseter;  29,  sterno-mastoid ; 30  and  34,  branches  of  facial 
nerve;  31,  superficial  cervical  nerve;  32,  mental  nerve;  .33,  platysma. 

Some  authorities  regard  this  as  the  special  nerve  of  taste  of  the 
front  of  the  tongue. 

The  facial  nerve  gives  branches  to  the  muscles  of  the  ear,  to 
one  belly  of  the  digastric  muscle,  and  to  all  the  muscles  of 
expression.  Injuries  to  it  cause  facial  palsy. 
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Eig*hth  Pair  of  Cranial  Nerves  — Auditory.  — The 

eighth  nerve  arises  from  the  brain  along  with  the  seventh,  and 
with  it  enters  the  internal  auditory  meatus  in  the  petrous 
bone;  at  the  bottom  of  that  opening,  however,  the  two  nerves 
part  company.  The  facial  passes  into  the  acpieduct  of  Fallo- 
pius, the  auditory  divides  into  two  branches,  the  vestibular 
and  cochlear,  which  go  to  the  two  main  divisions  of  the  internal 
ear.  Their  distribution  Avill  be  considered  when  we  come  to 
speak  of  the  organ  of  hearing. 

Ninth  Pair  of  Cranial  Nerves.— The  three  next  nerves 
— the  glosso-pharyngeal,  vagus,  and  s})inal  accessory — all  arise 
from  the  medulla  in  the  groove  between  the  olivary  body 
and  restiform,  and  escape  from  the  cavity  of  the  skull  through 
the  jugular  foramen;  hence  they  Avere  described  by  AVillis  as 
forming  one  pair,  namely,  the  eighth.  It  is,  hoAvever,  more 
convenient  to  consider  them  separately. 

The  Glosso-pharyngeal  nerve,  after  leaving  the  skull,  passes 
forwards  between  the  internal  carotid  artery  and  internal 
jugular  vein,  and  Avinds  round  to  the  tongue,  to  the  base  and 
upper  surface  of  Avhich  it  is  distributed.  In  its  course  it  gives 
branches  to  the  middle  ear,  pharynx  (food-bag),  tonsil,  and  the 
muscles  of  the  pharynx.  It  is  the  special  nerve  of  taste  of  the 
back  part  of  the  tongue. 

Tenth  Pair  of  Cranial  Nerves  — Vagus. — The  Vagus 
or  Pneumogastric  nerve  is  the  longest  and  most  complex  of  all 
the  cranial  nerves,  and  is  one  of  the  most  important  nerves  in 
the  Avhole  body.  It  gives  liranches  to  the  membranes  of  the 
brain,  the  middle  ear,  the  pharynx,  the  voice-box  (larynx), 
the  heart  and  great  arteries,  the  lungs,  the  gullet,  the  stomach 
and  the  intestines. 

After  leaving  the  skull  by  the  jugular  foramen,  it  passes 
doAvn  the  neck  in  the  same  sheath  as  the  carotid  artery  and 
internal  jugular  vein,  lying  lietAveen  and  behind  them,  and 
occupies  this  position  in  relation  to  them  till  they  reach  the 
root  of  the  neck.  The  right  then  passes  across  the  right  sub- 
clavian artery,  and  entering  the  chest,  goes  to  the  back  of  the 
root  of  the  right  lung;  the  left  in  like  manner  crosses  the  sub- 
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Fig.  116.— 1,  Posterior  auricular  artery;  2,  temporal  artery;  3,  occii)ital  artery;  4,  glosso-pharyngeal 
nerve ; 5,  spinal  accessory  nerve ; 6,  vagus ; 7,  stenio-mastoid  (cut);  8,  facial  artery;  9,  hypoglossal 
nerve;  10,  lower  end  of  hypoglossal;  11,  superior  cervical  ganglion;  12,  digastric;  13,  third  cervical 
nerve;  14,  superior  laryngeal  nerve;  15,  internal  carotid;  16,  thyro-hyoid ; 17,  external  carotid;  18, 
common  carotid;  19,  fourth  cervical  nerve;  20,  inferior  constrictor;  21,  phrenic  nerve;  22,  crico- 
thyroid ; 23,  middle  cervical  ganglion  ; 24,  trachea ; 2.1,  thyroid  axis ; 26,  recurrent  laryngeal  nerve; 
27,  subclavian  ai’tery ; 28,  innominate  artery;  29,  oesophagus;  30,  superior  vena  cava;  31,  sympa- 
thetic cord;  32,  posterior  nerve  plexus  on  root  of  lung;  33,  phrenic  nerve  (cut);  36,  oesophageal 
plexus ; 37,  azygos  vein ; 39,  thoracic  duct ; 41,  thoracic  aorta ; 43,  great  splanchnic  nerve.  L^Vilson, 
after  Hirschfeld  and  LeveilL.J 
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claviaii  artery,  l)ut  then  passes  in  front  of  the  arch  of  the 
aorta  in  order  to  reach  the  hack  of  the  corresponding  Inng. 
From  the  lungs  the  vagus  nerves  pass  on  to  the  gullet,  and 
there  form  a })lexus  with  branches  of  the  sympathetic  nerve, 
the  left  vagus  going  to  the  front  and  the  right  to  the  back  of 
that  tube.  The  nerves  finally  pass  through  the  aortic  opening 
of  the  diaphragm  to  end  in  the  walls  of  the  stomach  and  intes- 
tines. On  the  stomach  the  left  nerve  is  in  front  and  the  right 
behind. 

The  branches  given  off  by  the  vagus  to  the  lar}nix  are  of 
especial  importance.  They  are  two  in  number,  the  superior 
laryngeal,  and  the  inferior  or  recurrent  laryngeal.  The 
superior  is  almost  entirely  sensory,  it  enters  the  larynx 
l)etween  the  hyoid  bone  and  th}’roid  cartilage,  and  is  dis- 
tributed to  the  mucous  membrane  lining  the  interior.  The 
exquisite  sensitiveness  of  the  voice-box  is  due  to  this  nerve. 

The  Inferior  or  Recurrent  Laryngeal  nerve  runs  a curious 
course,  and  is  differently  arranged  on  the  two  sides  of  the  body. 
On  the  right  side  the  recurrent  nerve  is  given  oft’  just  as  the 
vagus  is  about  to  enter  the  chest;  it  Avinds  round  the  right 
subclavian  aitery,  and  passing  behind  it  ascends  between  the 
gullet  and  windpi})e  to  the  voice-box.  The  left  nerve  is  given 
off  lower  down  in  the  chest;  it  Avinds  round  the  arch  of  the 
aorta,  and  passing  behind  the  transverse  part  of  that  vessel, 
ascends  along  the  Avindpipe  to  reach  the  voice-box.  These 
nerves  are  distributed  to  the  muscles  of  the  larynx  and  the 
inferior  constrictor  muscle  of  the  })harynx;  they  are  the  means 
by  Avhich  vocal  sounds  are  produced. 

In  the  distribution  of  the  A^agus  to  the  heart,  lungs,  gullet, 
stomach,  and  intestines,  the  nerve  filaments  form  numerous 
communications  Avith  tAvigs  derived  from  the  synq)athetic 
system;  and  it  is  generally  admitted  that  the  latter  are  the 
stimulating  nerves,  Avhile  the  vagus  branches  are  the  regulating 
or  inhibitory  nerves. 

Eleventh  Pair  of  Cranial  Nerves— Spinal  Accessory. 

— This  is  a nerve  Avhich  acts  mainly  as  an  assistant  to  the  vagus, 
most  of  its  fibres  going  to  reinforce  that  nerve.  It  consists  of 
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two  portions,  a spinal  part  arising  from  the  lateral  aspect  of  the 
cervical  portion  of  the  spinal  cord,  and  passing  up  through  the 
foramen  magnum  to  the  skull,  and  an  accessory  portion  con- 
nected with  the  medulla  immediately  below  the  vagus.  The 
spinal  portion  is  distributed  to  the  sterno-mastoid  and  trape- 
zius muscles,  the  accessory 
portion  joins  the  vagus  where 
the  two  nerves  lie  in  the  neck 
below  the  jugular  foramen. 

Twelfth  Pair  of  Cranial 
Nerves-  Hypog*lossal.  — 
The  Hypoglossal  nerve 
springs  from  the  medulla  by 
two  bundles  of  nerve  fibres 
emerging  from  the  groove 
between  the  anterior  pyra- 
mid and  olivary  body.  The 
nerve  leaves  the  skull  by  a 
small  opening  in  front  of  the 
occipital  condyle,  and  passes 
forwards  between  the  inter- 
nal carotid  artery  and  inter- 
nal jugular  vein;  it  then  loops 
round  the  occipital  artery 
close  to  its  origin,  crosses 
the  external  carotid  artery, 
and  is  distributed  to  the 
muscles  of  the  tongue,  namely 
the  hyo-glossus,  genio-hyo- 
glossus,  stylo-glossus,  genio- 


Fig.  117.- 


-Nerves  distributed  to  the  Tongue  and 
Side  of  tlie  Neck. 


1,  Temporal  bone  ; ‘2,  stylo-hj'oid  muscle ; 3,  stylo- 
glossus; 4,  stylo-pharyngeus;  5,  tongue;  t>,  18,  hyo- 
glossus  muscle;  7,  genio-hyo-glossus ; 8,  genio- 
hyoid; 9,  sterno-hyoid ; 10,  sterno-thyroid ; 11, 
thyro-hyoid;  12,  omo-hyoid ; 13,  common  carotid 
artery;  14,  internal  jugular  vein;  1.5,  external  ca- 
rotid ; 11),  internal  carotid ; 17,  lingual  branch  of 
fifth;  19,  duct  of  submaxillary  gland  ; 20,  glosso- 
pharyngeal nerve;  21,  hypoglossal ; 22,  descend- 
ing cervical  nerve;  23,  communicating  cervical 
nerve;  24,  vagus;  25,  facial  nerve.  [Wilson.] 


As  it 


curves 


hyoid,  and  thyro-hyoid. 
forwards  to  these  muscles  it  grives  off  a 


long 


liraiich  to  the  neck,  the  descending  cervical  nerve.  It  passes 
down  the  neck  in  front  of  the  sheath  of  the  carotid  artery, 
communicates  with  the  cervical  nerves,  and  gives  branches  to 
those  muscles  which  depress  the  hyoid  and  voice-box,  that  is  to 
say,  the  sterno-hyoid,  sterno-thyroid,  thyro-hyoid  and  omo-hyoid. 
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There  are  thirty -one  pairs  of  spirial  nerves,  each  nerve  arising 
from  an  anterior  motor  root  and  a posterior  sensory  root;  their 
origin  from  the  spinal  cord  has  been  described  on  p.  151.  Ihe 
roots  unite  in  the  intervertebral  foramina,  and  the  nei've  so 
formed  immediately  splits  again  into  two  divisions,  anterior 
and  posterior,  both  of  them  being  compound  iierves.  The 
anterior  divisions  supply  the  part  of  the  body  in  front  of  the 
vertebral  column,  and  are  consequently  much  larger  than  the 
posterior,  excepting  in  the  case  of  the  two  upper  cervical  nerves, 
where  the  two  divisions  are  about  the  same  size. 

The  spinal  nerves  are  as  follows: — 

Cervical,  8 pairs. 

Dorsal,  12  „ 

ljumbar,  5 „ 

Sacral,  5 ,, 

Cocc3'geal,  1 „ 

There  are  eight  cervical  nerves,  because  the  first  passes  out 
between  the  occipital  bone  and  atlas  and  the  last  Ijetween  the 
seventh  cervical  and  first  dorsal.  The  dorsal,  lumbar,  and 
sacral  nerves  are  the  same  in  number  as  the  vertebrae  of  those 
regions.  The  cervical  nerves  pass  off'  transversely  from  the 
cord,  the  dorsal  are  oblique  in  direction,  the  lumbar  and  sacral 
almost  vertical;  the  latter  form  the  cauda  equina. 

CPPVical  Nerves. — The  cervical  nerves  increase  in  size 
from  the  first  to  the  fifth,  and  then  remain  the  same  size  to  the 
eighth.  The  anterior  divisions  of  the  four  upper  ceiuical 
nerves  communicate  with  each  other,  and  form  the  anterior 
cervical  plexus.  Those  of  the  four  lower  cervical  nerves  and 
the  first  dorsal  in  like  manner  form  the  brachial  plexus.  The 
posterior  divisions  of  the  cervical  nerves  foi*m  a posterior  cer- 
vical plexus. 

Anterior  Cervical  Plexus.  -The  branches  of  this  plexus  are 
commonly  divided  into  superficial  and  deep.  The  superficial 
branches  spread  out  over  the  neck,  and  are  distril)uted  to  the 
skin  and  superficial  muscles;  one  runs  on  the  sterno-mastoid 
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to  the  back  of  the  ear  and  the  parotid  gland  (great  auricular), 
another  to  the  back  of  the  head  (lesser  occipital),  and  others 
run  downwards  across  the  clavicle  and  acromion  to  supply  the 
skin  over  the  chest  as  low  down  as  the  nipple  line,  and  that 
over  the  shoulder. 

The  deep  branches  are  chiefly  distributed  to  the  muscles  of 
the  neck.  The  most  important  of  them,  however,  is  not  dis- 
tributed in  that  region ; it  is  the  phrenic  nerve.  Coming  off  from 
the  fifth  and  sixth  cervical  nerves  it  descends  on  the  anterior 
scalene  muscle,  crosses  the  subclavian  and  internal  mammary 
arteries  to  enter  the  chest ; runs  down  between  the  pericardium 
and  pleura,  in  front  of  the  root  of  the  lung  to  the  diaphragm, 
Avhich  it  su})plies.  It  is,  consequently,  the  great  nerve  of  res- 
piration, since  it  gives  motion  to  the  muscle  chiefly  concerned 
in  the  act  of  inspiration. 

The  Posterior  Cervical  plexus  is  distributed  to  the  muscles 
and  skin  of  the  back  of  the  neck.  The  largest  branch  derived 
from  this  plexus  is  the  great  occipital,  a nerve  distributed  to 
the  muscles  and  skin  of  the  back  of  the  head  and  neck. 

Brachial  Plexus.  — As  its  name  indicates  this  plexus  contains 
the  nerves  distributed  to  the  upper  limb.  It  is  formed  by  the 
anterior  divisions  of  the  four  lower  cervical  nerves  and  the  first 
dorsal.  These,  after  branching  and  communicating  with  each 
other,  at  length  form  three  strands,  one  placed  to  the  outer 
side  of  the  axillary  artery,  another  to  the  inner  side,  and  the 
third  behind.  These  are  known  as  the  outer,  inner,  and  pos- 
terior cords  of  the  brachial  plexus.  The  branches  derived  from 
these  cords  are  here  shown  in  talmlar  form: — 


Outer  Cord. 

External  Thoracic. 
External  Cutaneous. 
External  Head  of  Median. 


Inner  Cord. 


Internal  Thoracic. 
Internal  Cutaneous  (2). 
Inner  Head  of  Median. 
Ulnar. 


Posterior  Cord. 

8uhscapular. 

Circumflex. 

Musculo-spiral. 
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Other  branches  are  given  off  from  the  nerves  1)efore  tlie 
plexus  is  formed;  most  of  them  are  muscular  l)ranches,  going  to 
the  muscles  which  connect  the  sca])ula  with  the  neck.  One  of 
these  (derived  from  the  fifth  and  sixth  cervical  nerves)  is 
called  the  posterior  thoracic,  or  external  respiratory  nerve  of 


Fis.  118.— Brachial  Plexus. 

1,  Middle  scalene  muscle;  2,  anterior  scalene;  cord  formed  by  fifth  and  sixth  cervical  nerves; 

4,  seventh  cervical  nerve;  .5,  supra-scapular  nerve;  (i,  subclavian  artery  (cut);  7,  insertion  of  sub- 
clavius  muscle;  8,  cord  formed  by  eighth  cervical  and  first  dorsal ; 9 and  30,  pectoralis  major 
(cut);  10,  internal  anterior  thoracic  nerve;  11,  external  anterior  thoracic;  12,  origin  of  subclavius; 
13,  pectoralis  minor  (cut);  14,  internal  cutaneous  nerve;  15,  axillary  artery  (cut);  16,  posterior 
thoracic  nerve  (Bell);  17,  rnusculo-cutaneous  nerve;  18,  origin  of  pectoralis  minor;  19,  median 
nerve;  20,  lesser  internal  cutaneous;  21,  coraco-brachialis  muscle;  22,  intercosto-humeral  nerve; 
23,  ulnar  nerve ; 24,  subscapularis  muscle ; 25,  brachial  artery  ; 26,  branch  of  third  intercostal 
nerve;  27, 28,  and  29,  subscapular  nerves;  31,  basilic  vein  ; 32,  serratus  magnus ; 33,  latissimus 
dorsi.  [Wilson,  after  Hirschfeld  and  Iieveill^.| 

Bell.  It  passes  dovAi  on  the  inner  wall  of  the  axillary  space, 
lying  on  the  serratus  magnus  muscle,  to  which  it  is  distributed. 
It  plays  an  important  part  in  forced  or  full  inspiration. 
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The  External  Anterior  Thoracic  nerve  from  the  external 
cord  and  the  internal  from  the  inner  cord  are  small  branches 
going  to  the  pectoralis  major  and  minor. 

The  External  Cutaneous  nerve  (called  also  musculo-cutane- 
ous),  after  leaving  the  outer  cord  of  the  brachial  plexus,  pierces 
the  coraco-brachialis  muscle,  and  passes  between  the  biceps  and 
brachialis  anticus  to  the  outer  side  of  the  bend  of  the  elbow. 
Here  it  divides  into  branches  to  be  distributed  to  the  front 
and  back  of  the  outer  side  of  the  forearm  as  far  as  the  wrist. 
It  gives  motor  filaments  to  the  coraco-brachialis,  biceps,  and 
brachialis  anticus  muscles. 

The  Median  n^rve  is  one  of  the  largest  nerves  in  the  upper 
liml).  It  is  formed  of  two  portions,  one  derived  from  the 
outer  and  the  other  from  the  inner  cord  of  the  brachial  plexus. 
It  lies  at  first  to  the  outer  side  of  the  brachial  artery,  then — 
about  the  middle  of  the  arm — crosses  it,  and  at  the  bend  of  the 
elbow  lies  to  its  inner  side.  The  nerve  next  passes  deeply, 
beneath  the  mnscles  arising  from  the  internal  condyle,  and 
runs  down  the  middle  of  the  forearm  between  the  superficial 
and  deep  flexors  of  the  fingers.  Just  above  the  wrist  it  is 
superficial,  and  is  placed  between  the  tendon  of  the  radial 
carpal  flexor  and  the  outer  tendon  of  the  superficial  flexor.  It 
})asses  beneath  the  annular  ligament  to  the  hand,  and  there 
divides  into  its  terminal  branches. 

Its  distribution  may  be  thus  briefly  stated: — Muscles. — It 
supplies  all  the  muscles  of  the  front  of  the  forearm,  excepting 
the  ulnar  carpal  flexor,  and  half  the  deep  flexor  of  the  fingers. 
In  the  hand  it  supplies  half  the  muscles  of  the  thumb  and  the 
two  outer  lumbricales  muscles.  Skin. — It  supplies  the  ball  of 
the  thumb  and  centre  of  palm  of  the  hand;  both  sides  of  the 
front  of  the  thumb,  index  finger,  and  middle  finger,  and  the 
outer  side  of  the  ring  finger.  It  communicates  with  the  ulnar 
nerve. 

While  lying  beneath  the  muscles  attached  to  the  internal 
condyle  it  gives  off  a branch,  the  anterior  interosseous,  which 
runs  on  the  front  of  the  interosseous  membrane,  and  gives 
branches  to  the  deep  muscles. 
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Fig.  Ilf). — Nerves 
of  tlie  Front  of  the 
Forearm  andlland. 


1 


The  Internal  Cutaneous  nerves,  two  in  iminl)ci’,  arc  derived 
from  the  inner  cord  of  the  lirachial  ])lexus.  Tliey  pass  down 
the  inner  side  of 
the  arm,  and  supply 
the  skin  of  the  in- 
ner part  of  the  arm, 
and  the  front  and 
back  of  tlie  inner 
border  of  the  fore- 
arm. They  do  not 
supply  any  muscles. 

The  Ulnar  nerve 
is  also  derived  from 
the  internal  cord  of 
the  plexus.  It  runs 
down  the  inner  side 
of  the  arm,  to  the 
back  of  the  internal 
condyle,  being  ac- 
companied in  part 
of  its  course  by  the 
inferior  profunda 
artery.  At  the  back 
of  the  elbow  it  rests 
on  the  condyle,  and 
when  struck  pro- 
duces the  tingling 
down  the  inner  side 
of  the  little  finger 
and  palm  of  hand, 
familiarly  described 
as  “striking  the 
funny  l)one”.  From 
this  point  it  passes 
down  the  forearm, 

having  in  the  lower  two-thirds  the  ulnar  aiLerv  as  its  associate. 
Reaching  the  wrist  it  enters  the  palm  of  the  hand  by  crossing 


, Long  8ui>inator 
(cut) ; 2,  ulnar 
nerve ; .1,  Lrachi- 
alis  antiens  mus- 
cle; 4,  hiceivs;  .5, 
musculo  - spiral 
nerve;  0,  median 
nerve ; 7,  ]>oste- 
rior  interosseous 
nerve;  8,  jironator 
teres  and  radial 
carpal  flexor 
(cut) ; !),  long  r.'i- 
dial  extensor  of 
the  carpus ; 10, 
hrachial  arterj'; 
11,  short  supina- 
tor ; 12 , superfi- 
cial flexor  muscle 
(cut);  13,  radial 
nerve;  14,  ulnar 
carpal  flexor ; 1.1, 
short  radial  ex- 
tensor of  the  car- 
pus ; IG,  ulnar  ar- 
tery ; 17,  radial 
origin  of  superfi- 
cial flexor  (cut); 

18,  deep  flexor; 

19,  round  prona- 
tor ; 20,  dorsal 

branch  of  ulnar 
nerve ; 21,  radial 
artery ; 22,  deep 
branch  of  ulnar 
nerve ; 23,  long 

flexor  of  the 
thumb;  24,  ab- 
ductor of  little 
finger ; 2.1,  ante- 
rior interosseous 
nerve ; 20,  digital 
branches of  ulnar 
nerve;  27,  tendon 
of  long  supinator; 

28,  lumbricalis ; 

29,  square  prona- 
tor; 31,  tendon  of 
radial  carpal 
flexor;  33,  digital 
branches  of  me- 
di.an  neru’e;  3-1,  ad- 
ductor of  thumb. 
I Wilson,  after 
Hirschfeld  and 
Leveilld.] 
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the  annular  ligament,  and  distributes  branches  to  the  fingers 
and  to  the  muscles  of  the  hand.  A little  above  the  wrist  it 

gives  oft*  a cutaneous 
branch  to  the  back  of 
the  hand.  Its  distribu- 
tion maybe  summed  up 
as  follows : — Muscles. 
— Ulnar  carpal  flexor 
and  half  the  deep 
flexor  of  the  fingers, 
muscles  of  the  little 
finger,  two  inner  lum- 
bricales,  all  the  inter- 
osseous muscles  of  the 
hand,  half  the  muscles 
of  the  thumb.  Skin. 
— Part  of  the  front  of 
the  forearm,  inner  side 
of  the  palm  of  the 
hand ; in  front,  the 
little  finger  and  half 
the  ring  finger;  be- 
hind, the  little  and 
ring  fingers  and  half 
the  middle  finger. 

The  Subscapular 
nerves  are  derived 
from  the  posterior  cord 
of  the  brachial  plexus. 
They  pass  to  the  sub- 
scapular, teres  major, 
and  latissimuG  dorsi 
muscles. 

The  Circumflex 
nerve,  also  derived 
from  the  posterior 
round  the  neck  of  the 


Fig.  120.— Nerves 
of  Back  of  Fore- 
arm and  Hand. 

triceps;  2,  brachi- 
alis  antiens ; 3, 
long  supinator ; 
4,  biceps ; 5,  mus- 
culo-spiral  nerve; 
0,  mnsculo-cata- 
neous  nerve ; 7. 
origin  of  long 
radial  extensor  of 
carptis ; 8,  radial 
nerve;  9,  posterior 
interosseous;  10, 
round  pronator; 
11,  origin  of  short 
radial  extensor  of 
carims;  12,  radial 
carpal  flexor ; 13, 
anconeus ; 14, 

tendon  of  long 
supinator;  l.'l, 
short  supinator ; 
1 (),  tendon  of  long 
radial  extensor  of 
carpus;  17,  com- 
mon extensor; 

18,  tendon  of 
short  radial  ex- 
tensor of  carpus ; 

19,  20, 21,  tendons 
of  extensors  of 
thumb.  [Wilson, 
after  llirschfeld 
and  Jjeveillfe.] 


coi’fL  is  so  named  because  it  winds 
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humerus.  It  supplies  the  deltoid  and  teres  minor  muscles,  and 
the  skin  over  the  deltoid. 

The  Musculo- spiral  is  a very  large  nerve,  and  is  composed 
of  nerve  filaments  derived  from  the  four  lower  cervical  nerves 
and  the  first  dorsal.  At  its  commencement  it  is  placed  behind 
the  axillary  and  brachial  arteries ; it  winds  round  the  humerus 
between  the  triceps  and  the  bone,  along  with  the  superior 
profunda  artery,  and  reaching  the  outer  side  of  the  brachialis 
anticus,  divides  into  two  branches  the  radial  and  posterior 
interosseous.  The  radial  is  entirely  a sensory  nerve;  it  runs 
down  the  forearm  in  company  of  the  artery  of  the  same  name, 
winds  round  to  the  back  of  the  wrist  with  the  artery,  and  is 
distributed  to  the  back  of  the  thumb,  index  finger,  and  half  the 
middle  finger.  The  posterior  interosseous  nerve  passes  to  the 
back  of  the  forearm  to  supply  the  muscles  of  that  region. 

The  distribution  of  the  musculo-spiral  nerve  may  be  summed 
up  as  follows : — Muscles. — Triceps,  brachialis  anticus,  supinator 
longus,  the  two  radial  carpal  extensors,  all  the  muscles  of  the 
back  of  the  forearm  (both  short  and  long).  Skin. — ^The  outer 
side  of  the  upper  arm,  from  the  insertion  of  the  deltoid  down- 
wards, the  back  of  the  forearm,  and  half  the  back  of  the  hand. 

Dorsal  Nerves. — The  twelve  dorsal  nerves  are  smaller 
than  the  lower  cervical  nerves.  The  posterior  divisions  pass 
to  the  skin  and  muscles  of  the  back.  The  anterior  divisions 
form  the  intercoctal  nerves,  which  run  in  the  intercostal  spaces, 
between  the  muscles,  and  supply  them,  as  well  as  the  skin 
covering  the  chest.  The  lower  six  intercostal  nerves  pass  into 
the  abdominal  wall,  and  supply  the  muscles  forming  it  and  the 
skin  covering  it. 

Lumbar  Norves. — There  arc  five  pairs  of  lumbar  nerves. 
The  posterior  divisions  pass  to  the  muscles  and  skin  of  the 
small  of  the  back.  The  anterior  divisions  lie  at  the  back  of 
the  abdomen,  between  the  muscles  closing  in  that  cavity 
behind;  they  form  an  intercommunication  or  plexus,  the  lum- 
bar plexus. 

The  branches  given  off  from  the  lumbar  plexus  are  shown 

C M 24  ) M 
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in  the  following  table,  where  the  numbers  give  the  nerves  from 
which  each  branch  originates: — 


The  Ilio  hypogastric  and  Ilio  inguinal  are  nerves  which  pass 
to  the  lower  part  of  the  abdominal  wall,  but  the  former  also 
gives  a branch  to  the  upper  part  of  the  buttock,  and  the  latter 


The  Genito-crural,  as  its  name  indicates,  goes  to  the  genital 
organs  and  the  thigh.  It  supplies  the  cremaster  muscle,  and  its 
cutaneous  l)ranch  goes  to  the  upj)er  part  of  the  thigh,  a little 
below  i‘ou})art’s  ligament. 

Tlie  External  Cutaneous  nerve  passes  beneath  the  outer  part 
of  Toupart’s  ligament,  and  is  distributed  to  the  skin  of  the 
front  and  outer  side  of  the  thigh,  nearly  as  low  down  as  the 
knee. 

The  Anterior  Crural  nerve  is  the  largest  of  the  branches  of 
the  lumbar  plexus;  it  passes  l)eneath  Poupart’s  ligament  to  the 
thigh.  It  here  lies  to  the  outer  side  of  the  femoral  artery,  and 
at  once  breaks  up  into  a number  of  Iwanches,  which  arc  natur- 
ally divisible  into  superficial  branches  for  the  skin,  and  deep 
branches  for  the  mnscles.  The  former  are  called  middle  cu- 
taneous, internal  cutaneous,  and  long  saphenous.  The  first 
two  su])ply  the  skin  of  the  front  and  inner  side  of  the  thigh 
as  far  as  the  knee;  the  third  (long  saphenous)  runs  dowji  the 
inner  side  of  the  knee  and  leg  to  the  inner  ankle,  and  from 
thence  is  continued  to  the  inner  side  of  the  foot  and  big  toe. 
The  muscular  branches  supply  the  cartorius,  and  the  quadri- 
ceps extensor  of  the  leg  (rectus  femoris,  vastus  externus, 
vastus  interims,  and  crureus). 

The  (listril)ution  of  the  anterior  crural  nerve  may  be  thus 
summed  up; — Skin.  Front  and  inner  side  of  thigh,  inner  side 


Ilio- hypogastric,  1. 

Ilio-inguinal,  1. 

Genito-crural,  1,  2. 

External  Cutaneous,  2, 

Anterior  Crural,  2, 

Obturator, 

Lumbo-sacral, 


2,  3. 

2,  3,  4. 


3,  4. 


4,  5. 


to  the  inguinal  canal. 
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of  .calf,  ankle,  foot,  and  big  toe.  Muscles. — Sartorius,  rectus, 
vasti,  crureus.  It  also  gives  branches  to  the  hip  and  knee  joints. 

The  Obturator  nerve  passes  into  the  pelvis,  and  runs  along 
the  outer  wall  of  that  cavity  to  reach  the  obturator  foramen, 
and  through  that  opening  reaches  the  thigh.  It  divides  into 
branches  which  are  distributed  to  the  adductor  muscles  and 
skin  on  the  inner  side  of  the  thigh. 

Its  distribution  is  as  follows: — Skin. — Inner  side  of  thigh, 
assisting  the  internal  cutaneous  nerve.  Muscles. — The  ad 
ductoi’  grou]),  namely,  adductor  iongus,  brevis,  and  magnuSj 
gracilis,  pectineus,  and  the  obturator  externus.  Joints. — 

Hip-joint  and  knee-joint.  This  distribution  of  the  obturator 
nerve  to  both  the  knee  and  hip-joint  explains  the  occurrence 
of  knee  pain  in  the  early  stages  of  hip-joint  disease. 

The  Lumbo  sacral  nerve  consists  of  half  the  fourth  lumbar 
nerve  and  the  whole  of  the  fifth  (anterior  divisions);  it  passes 
into  the  pelvis  to  join  with  the  sacral  nerves  in  the  formation 
of  the  sacral  plexus. 

Sacral  Nerves. — -There  are  five  sacral  nerves;  the  first 
four  escape  through  the  sacral  foramina,  the  last  between  the 
sacrum  and  coccyx.  The  posterior  divisions  are  very  small, 
and  are  distributed  to  the  skin  over  the  sacrum  and  the  l)ack 
part  of  the  gluteal  region.  The  anterior  divisions  diminish  in 
size  from  above  downwards.  The  first  and  second  are  of  laige 
size,  the  third  is  much  smaller,  and  the  fourth  and  fifth  are 
exceedingly  small. 

Sacral  Plexus. — -The  sacral  [)lexus  is  formed  by  the  union  of 
the  lumbo-sacral  nerve  and  the  anterior  divisions  of  the  three 
upper  sacral  nerves.  It  forms  a largo  triangular  mass  lying  on 
the  back  part  of  the  outer  wall  of  the  pelvis.  Its  bi-anchesare 
as  follows: — 

Visceral. 

Muscular. 

Superior  Gluteal. 

: " Inferior  Gluteal. 

Pudic. 

Lesser  Ischiatic. 

Greater  Ischiatic. 
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The  Visceral  branches  are  distributed  to  the  bladder  and 
rectum  in  the  male,  and  to  the  bladder,  uterus,  vagina,  and 
rectum  in  the  female. 

The  Muscular  branches  supply  the  external  rotator  muscles 
of  the  hip-joint. 

The  Superior  and  Inferior  Gluteal  are  also  muscular 
branches;  the  former  supplies  the  lesser  and  least  gluteal 
muscles,  and  the  latter  the  great  gluteal  muscle.  In  order  to 
reach  these  muscles  the  nerves  pass  through  the  great  sciatic 
foramen. 

The  Pudic  nerve  accompanies  the  artery  of  the  same  name. 
It  leaves  the  pelvis  by  the  great  sciatic  foramen,  crosses 
the  spine  of  the  ischium,  re-enters  the  pelvis  by  the  lesser 
sciatic  foramen,  and  runs  inside  the  ramus  of  the  ischium  to 
the  perineum,  where  it  supplies  the  external  generative  organs. 

The  Lesser  Ischiatic  nerve  leaves  the  pelvis  by  the  great 
sciatic  foramen,  and  divides  into  the  following  branches: — (1) 
Branches  to  the  great  gluteal  muscle,  (2)  one  to  the  perineum 
(long  pudendal),  (3)  one  or  more  to  the  skin  of  the  back  of  the 
thigh  as  far  down  as  the  popliteal  space. 

The  Great  Ischiatic  (sciatic)  nerve  is  a continuation  of  the 
greater  part  of  the  sacral  plexus,  and  is  by  far  the  largest 
nerve  in  the  body.  As  it  leaves  the  great  sciatic  foramen  to 
pass  down  the  back  of  the  thigh  it  measures  fully  three-quar- 
ters of  an  inch  in  breadth.  It  lies  midway  betAveen  the  great 
trochanter  of  the  femur  and  the  tuberosity  of  the  ischium,  and 
descends  to  the  upper  part  of  the  popliteal  space,  Avhere  it 
divides  into  two  trunks,  the  external  and  internal  popliteal 
nerves.  In  its  course  it  gives  motor  branches  to  the  ham- 
string muscles.  The  great  ischiatic  nerve  is  the  seat  of  the 
pain  in  the  affection  known  as  sciatica. 

The  Internal  Popliteal  nerve  is  the  larger  of  the  two  trunks, 
into  Avhich  the  great  ischiatic  nerve  divides.  GiA^en  off  about 
three  inches  above  the  knee-joint,  it  runs  through  the  popliteal 
space,  lying  nearer  the  surface  than  the  popliteal  artery,  and 
separated  from  that  vessel  by  the  vein;  a little  beloAv  the  knee 
it  passes  beneath  the  muscles  of  the  calf,  and  changes  its  name 
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to  posterior  tibial  nerve.  The  In’anches  of  this  nerve  ai-e,  tlie 
muscular,  passing  to  the  gastrocnemius,  soleus,  and  plantaris; 
branches  to  the 


knee-joint,  and 
the  external  sa- 
phenous nerve, 
which  accom- 
panies the  vein  of 
the  same  name 
to  the  back  of  the 
leg  and  outer  side 
of  the  foot. 

The  Posterior 
Tibial  nerve,  the 
continuation  of 
the  foregoing, 
passes  down  the 
leg  between  the 
superficial  and 
deep  layers  of 
muscles  to  the  in- 
ner ankle,  Avhere 
it  enters  the  sole 
of  the  foot,  and 
divides  into  the 
internal  and  ex- 
ternal plantar 
nerves.  In  its 
course  it  gives  off 
branches  to  the 
deep  muscles  of 
the  back  of  the 


Fig.  121.— Nerves 

of  the  Back  of  the 

Tliigh  and  Leg. 

1, Gluteus  maxiiuus 
muscle ; 2,  glu- 
teus medius ; 3, 
gluteal  nerve  and 
artery;  4,  gluteus 
minimus;  5,  nerve 
to  ol)turator  in- 
terims; 6,  pyrifor- 
mis ; 7,  pudic 

nerve ; 8,  small 
sciatic  nerve;  9, 
great  sacro-scia- 
tic  ligament ; 10, 
obturator  inter- 
ims and  gemelli ; 
11,  inferior  glu- 
teal nerve ; 12, 

tendon  of  obtura- 
tor externus;  1.3, 
inferior  pudendal 
nerve;  14,  (piad- 
ratusfemoris;  15, 
gracilis;  10,  great 
sciatic  nerve;  17, 
great  adductor ; 
18,  insertion  of 
gluteus  maxi- 
mus;  19,  origin 
of  semi-tendin- 
osus  and  biceps; 
20,  short  head  of 
biceps;  21,  semi- 
membranosus; 22, 
tendon  of  biceps ; 

23,  tendon  of 
semi-tendinosus  ; 

24,  external  popli- 

teal nerve ; 2.5, 
internal  popli- 
teal nerve ; 26, 

communicating 
branch ; 27,  pop- 
liteal artery;  29, 
gastrocnemius ; 
31,  cutaneous 
branch.  [Wilson, 
after  Hirschfeld 
and  Leveill^.] 


leg,  and  a cuta- 
neous branch  to 


the  skin  of  the 


heel  and  back  part  of  the  sole  of  the  foot. 

Of  the  two  plantar  nerves  the  internal  is  the  larger,  and 
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resembles  in  its  distribution  the  median  nerve  in  the  hand. 
It  runs  along  the  inner  border  of  the  foot,  and  gives  branches 
to  the  muscles  passing  to  the  big  toe,  and  sensory  filaments 
to  the  great  toe,  second,  third,  and  half  the  fourth  toe;  and 
articular  branches  to  the  joints  of  the  foot. 

The  External  Plantar  nerve,  the  smaller  of  the  two,  corre- 
sponds generally  in  its  distribution  with  the  ulnar  nerve  of  the 
hand.  It  follows  the  course  of  the  external  plantar  artery 
between  the  layers  of  muscles  of  the  sole,  and  is  distributed  to 
the  muscles  of  the  little  toe,  and  the  deep  muscles  of  the  foot; 
it  gives  sensory  branches  to  the  skin  of  the  little  toe  and  the 
outer  side  of  the  fourth  toe. 

The  External  Popliteal  nerve,  smaller  than  the  internal, 
runs  along  the  inner  border  of  the  tendon  of  the  biceps  muscle, 
and  near  the  head  of  the  hbida  divides  into  two  branches,  the 
anterior  tibial  and  the  musculo-cutaneous.  In  its  course  it 
gives  oti‘  a l)ranch  to  the  skin  of  the  outer  and  back  part  of  the 
leg,  one  or  more  to  the  knee-joint,  and  a branch  to  join  the 
external  saphenous  nerve. 

The  Anterior  Tibial  nerve  runs  on  the  anterior  surface  of 
the  interosseous  membrane,  being  covered  by  the  muscles  on 
the  front  of  the  leg,  and  giving  branches  to  them.  It  crosses 
the  ankle,  and  passes  to  the  interspace  between  the  great  and 
second  toes,  where  it  ends  by  giving  cutaneous  filaments  to 
the  skin  of  the  contiguous  sides  of  those  toes. 

The  Musculo-Cutaneoiis  nerve  winds  round  the  outer  side 
of  the  fibula  to  reach  the  front  of  the  leg.  It  divides  into  two 
branches,  which  pass  across  the  front  of  the  ankle  to  the  foot 
and  are  distributed  to  the  contiguous  sides  of  all  the  toes, 
excepting  the  big  toe  and  second  toe,  which  are  supplied  by 
the  anterior  tibial.  It  gives  In-anches  to  the  peroneal  muscles 
and  the  skin  of  the  lower  part  of  the  leg. 

SYMPATHETIC  NERVES. 

The  Sympathetic  (fig.  116)  forms  a secondary  system  of 
nerves,  connected  with  the  cerebro-spinal  nerves,  but  largely 
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independent  of  them.  It  closely  resembles  the  ganglionic 
nervous  system  such  as  alone  exists  in  insects,  crustaceans,  and 
many  other  invertel)rates,  and  consists  of  very  numerous  ganglia 
(small  nerve  centres)  connected  by  non-medullated  nerve-fibres. 
On  each  side  of  the  vertebral  column  the  sympathetic  forms  a 
ganglionic  chain,  the  number  of  ganglia  in  the  dorsal,  lumbar, 
and  sacral  regions  corresponding  with  the  numl)er  of  the 
vertebrae;  in  the  neck,  however,  there  are  only  three  ganglia, 
but  the  upper  of  these  is  very  large,  and  is  ap})arently  formed 
by  the  fusion  of  several.  Besides  this  chain  there  are  scattered 
ganglia  about  the  head,  and  in  the  cavities  of  the  abdomen 
and  pelvis;  in  the  latter  situations  they  are  especially  import- 
ant, and  give  origin  to  very  elaborate  plexuses  of  fine  nerves, 
distributed  to  the  unstriped  muscular  fibres  of  the  several 
organs,  and  to  the  muscular  coat  of  the  blood-vessels.  There 
are  also  elaborate  plexuses  in  the  thorax  in  connection  with 
the  heart,  lungs,  and  gullet ; these  are  formed  by  an  intermix- 
ture of  sympathetic  nerves  with  branches  derived  from  the 
vagus  nerve.  The  sympathetic  filaments  passing  to  the  vessels 
are  called  vaso-motor  nerves,  because  they  cause  contraction  of 
the  vessels;  they  regulate  the  su})ply  of  blood  going  to  any 
paid. 

Very  numerous  communications  take  ])lace  between  the 
sympathetic  and  cerebro-spinal  nerves. 


ORGANS  OF  SENSE. 

The  Organs  of  Sense  are  the  means  l)y  which  the  person  is 
brought  into  relation  with  surrounding  ol)jects;  they  are  five 
in  number  (sometimes  fancifully  styled  the  five  “Gateways  of 
Knowledge”) — the  skin,  the  organ  of  touch;  the  nose,  of  smell; 
the  eye,  of  sight;  the  tongue,  of  taste;  and  the  ear,  of  hearing. 

The  Org’an  of  Touch. — The  skin,  covering  the  whole  sur- 
face of  the  body,  is  the  organ  of  touch,  but  that  is  only  one  of 
the  many  uses  to  which  it  is  put.  Thus  (1)  it  acts  as  a [)i*o- 
tective  covering  to  the  underlying  structures;  (2)  it  provides 
in  the  hair  and  nails,  as  well  by  its  own  texture  and  colour,  a 


1«4 


ELEMENTARY  ANATOMY. 


means  by  which  character  and  Ideality  may  be  given  to  the 
individual;  (3)  it  supplies  an  important  excreting  apparatus 
for  getting  rid  of  nitrogenous  products,  water,  and  salts;  (4)  it 
is  the  chief  means  by  which  the  temperature  of  the  l)ody  is 
regulated ; and  (5)  it  is  the  organ  of  touch. 

Structure  of  the  Skin. — It  is  divisive  into  two  layers,  a 
su})erficial  and  a deep.  The  superficial  layer  is  called  the 
Epidermis,  Cuticle,  or  Scarf-skin;  it  is  demonstrated  when  a 

blister  is  applied  to  the  skin,  for  fluid 
is  thrown  out  between  the  two  layers, 
and  the  cuticle  is  consequently  raised 
up  as  a thin  film.  It  is  entirely  com- 
posed of  cells,  the  superficial  layers  of 
which  are  scale-like  and  hard  (horny 
layer),  and  the  deep  ones  round  and 
soft  (rete  mucosum);  the  latter  are  in 
certain  parts  deeply  pigmented.  The 
e})i dermic  cells  fill  up  the  inequalities 
in  the  upper  surface  of  the  derma  or 
true  skin;  they  are  gradually  pushed 
to  the  surface  by  the  formation  of 
new  cells  in  the  deep  layer,  and  are 
thus  constantly  being  detached  as 
minute  hard  scales.  As  seen  from 
the  surface,  the  epidermis  is  inter- 
sected by  a nund)er  of  fine  cross  lines, 
and  at  the  tips  of  the  fingers  and  toes 
})resents  the  appearance  of  concentric 
circles  and  wavy  lines,  which  are  different  in  each  individual; 
so  that  it  is  possible  to  identify  a person  by  the  thumb  or 
finger  markings.  On  the  surface,  also,  fine  pores  are  seen, 
the  openings  of  the  sweat  ducts,  and  numerous  hairs  project 
from  the  skin,  especially  in  certain  parts  of  the  body. 

The  True  skin.  Derma  or  Cerium  is  the  deep  layer  of  the 
skin.  It  is  formed  chiefly  of  fibrous  tissue,  the  fibres  of  which 
are  in  the  deeper  layers  loosely  interwoven,  so  as  to  leave 
meshes,  but  in  the  superficial  part  they  are  closely  united  so  as 


Fig.  The  Structure  of  the  Skin. 


((,  Horny  layer;  b,  rete  mucosum; 
c,  corium  or  true  skin ; c',  masses 
of  fat  in  the  deep  layer ; d,  sub- 
cutaneous tissue ; e,  sweat  gland ; 
e',  sweat  duct ; /,  sebaceous  follicle 
—a  hair  follicle  is  shown  but  not 
lettered. 
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Fig.  123.— Vertical  Section  of 
Skin. 

a,  a.  Papillae ; h,  layer  of  cells 
covering  papillae;  c,  rete 
mncosuin;  d,  horny  laj'er 
of  epidermis. 


to  iorm  a firm  texture.  The  meshes  of  the  deep  part  are 
occupied  by  pellets  of  fat,  the  hair  bull)S,  and  the  sweat 
glands;  and  the  deep  surface  of  the  skin  is  covered  hy  a 
thick  layer  of  fatty  tissue.  The  upper 
surface  of  the  true  skin  forms  a series  of 
elevations,  the  papillae  (fig.  122,  b).  These 
are  little  finger-like  projections,  containing 
blood-vessels  and  nerves;  they  are  com- 
pletely enveloped  in  the  cells  of  the 
epidermis,  which  also  fill  up  the  valleys 
between  them.  The  true  skin  has  a 
large  number  of  blood-vessels,  and  the 
capillaries  form  loops  in  the  })apilhe. 

The  nerves  are  also  numerous,  and  ter- 
minate in  special  end-organs,  some  of 
which  are  distributed  in  the  papillae  and 
others  in  the  subcutaneous  tissue.  The 
commonest  form  are  called  touch-bodies  or  tactile  corpuscles; 
they  are  placed  in  the  })apillae,  and  are  especially  numerous 
in  the  skin  of  the  fingers  and  toes,  forearm,  edges  of  the 
li]ds  and  eyelids.  In  the  skin  of  the  front 
of  the  finger  they  are  very  numerous,  it 
being  calculated  that  they  average  50  to 
au  area  inch  square.  Another  variety 
of  nerve-ending  is  distributed  in  the  sub- 
cutaneous tissue  of  the  skin  of  the  hand 
and  foot.  This  form  is  known  as  the 
Pacinian  corpuscle,  and  is  arranged  in 
the  following  way: — The  nerve  going  to 
the  skin  divides  into  a number  of  fine 
branches,  and  these  again  give  off  minute 
twigs,  on  each  of  which  there  is  a little 
semi-transparent  grape-like  l^ody  of  a 
whitish  colour;  this  is  the  Pacinian  cor- 
puscle. In  vertical  section,  as  shown  in 
fig.  125,  it  is  seen  to  consist  of  a central  core  (m)  formed 
by  the  axis  cylinder  (n)  of  the  nerve-fibre  (n),  ending  in  an 


Fig.  124.— Jlagnified  View 
of  a I’apilla  of  Skin,  with 
a Touch  Corpuscle. 
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irregular  expansion  (a).  Outside  tliis  are  numerous  layers 
or  capsules  (c,  d)  formed  of  fibrous  tissue  and  continuous 
with  the  nerve  sheath.  On  entering  the  Pacinian  body 
the  nerve  is  medullated  (/),  but  soon  loses  its  medullary 
sheath,  and  only  the  axis  cylinder  passes  into  the  core. 

The  Pacinian  bodies  are  most 
numerous  in  the  neighbourhood 
of  joints.  A third  form  of  nerve- 
ending is  found  in  the  papillae  of 
the  red  edge  of  the  lips;  it  is 
called  an  end-bulb,  and  is  formed 
of  a small  capsule  enclosing  a 
})rotoplasmic  mass,  in  which  the 
axis  cylinder  of  the  nerve  ends. 

The  skin  is  continuous  with 
mucous  membrane  at  the  orifices 
of  the  body,  and  the  structure 
of  the  two  is  much  alike,  but 
the  mucous  membrane  is  thinner, 
more  vasctilar,  more  elastic,  and 
is  devoid  of  hairs. 

Glands  of  the  Skin.  — The 
special  glands  of  the  skin  are 
the  sweat  glands  (sudoriparous 
glands).  They  consist  of  long 
convoluted  tubes,  placed  in  the 
deep  part  of  the  true  skin,  and 
of  spiral  ducts  passing  through  the  e})idermis  to  reach  the  sur- 
face (fig.  122,  r and  d).  The  tube  is  formed  of  a thin  membrane 
lined  l)y  cubical  cells;  around  the  convoluted  part  of  the  tube 
there  is  a fine  plexus  of  vessels,  from  which  the  material  is 
derived  for  the  formation  of  the  sweat.  Sweat  glands  are 
most  numerous  iii  the  palm  of  the  hand,  where  the  o])enings 
number  more  than  3000  to  the  scpiare  inch,  and  next  to  that 
in  the  sole  of  the  foot;  they  are  fewest  in  the  back  and  neck. 
Tlie  length  of  each  tube  av  erages  ^ inch,  and  the  tokil  number 
in  the  body  has  been  estimated  at  al)out  3 millions;  there  are 


Fig.  1:25.— I’acinian  Corpuscle. 

, Forked  end  of  axis  cylinder  of  nerve; 
d,  capsule ; m,  fluid  round  axis  cylinder; 
H,  nerve  entering ; n',  axis  cylinder. 
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thus  very  many  miles  of  tubes  in  the  glands  taken  collec- 
tively. 

Hairs  and  Nails  are  structures  connected  with  the  skin,  and 
are  formed  of  modified  epidermic  cells. 

Hairs. — Hairs  are  situated  in  depressions  formed  by  the 
epidermis  being  pushed  into 
the  derma  till  it  reaches  the 
deep  layer  of  that  structure; 
the  sac  so  formed  is  called 
the  hair  follicle.  At  the 
bottom  of  the  follicle  thei’e  is 
an  upward  })rojection  of  the 
true  skin  to  form  a papilla, 
which,  like  the  other  pa})illai 
of  the  skin,  contains  blood- 
vessels and  nerves.  Around 
the  papilla  the  hair  com- 
mences as  a globular  expansion,  the  hair  bulb,  formed  of  cells 
like  those  of  the  rete  mucosum  of  the  skin.  The  cells  on  the 
surface  of  the  papilla  are  actively  growing,  and  are  the  means 
by  which  the  hair  grows;  as  the  cells  get  })ushed  upAvards  by 
the  new  ones  formed  beneath  them,  they  get  compressed,  and 
the  shape  of  the  follicle  determines  their  aggre- 
gation into  a cylindrical  growth,  the  hair.  So 
are  they  welded  that,  even  under  high 
microscopic  powers,  the  hair  only  presents  a 
fibrous  appearance,  exce})ting  in  the  centre, 

Avhere  the  cells  are  still  large  and  distinct,  form- 
ing the  medulla  or  pith.  The  medulla  of  the 
hair  contains  the  pigment  giving  it  colour,  but 
in  old  persons  this  is  absent,  the  cells  being 
occuihed  l)y  air,  causing  the  hair  to  be  gray  or 
Avhite.  On  the  surface  of  the  hair,  the  scales  foiining  it  have 
an  imbricated  arrangement,  like  the  tiles  of  a house,  and  in 
many  animals  (though  not  in  man),  the  edges  get  broken  u}> 
to  form  fantastic  fringes.  Opening  into  each  hair  follicle  are 
one  or  more  glands — the  sebaceous  glands-  for  the  purpose 


Fi-i.  l;;7.  — Outer 
surface  of  a Hair, 
sluiwiiig  the  arraiige- 
iiieut  of  the  epi- 
thelial scales. 


Fig.  126.— Hair,  Hair  Follicles  and  Glands. 

«,  epidermis;  b,  true  skin;  c,  hair  bulb;  d,  seba- 
ceous gl.ands ; e,  muscle  attached  to  hair  sac. 
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of  lubricating'  the  hair;  they  consist  of  a number  of  pouches 
lined  by  secreting  cells. 

In  connection  with  each  hair- sac  is  a bundle  of  smooth 
muscular  fibres,  for  the  purpose  of  erecting  the  hair  (erector 
pill  muscle);  it  is  always  placed  on  that  aspect  of  the  follicle 
towards  which  hair  slopes,  and  passes  from  the  follicle  to  the 
papillary  layer  of  the  skin.  By  its  contraction  this  muscle 
causes  the  hair  to  become  more  erect  or  “stand  on  end”. 

A Nail  is  also  formed  of  epidermic  cells  which  have  under- 
gone compression,  much  in  the  same  way  as  those  forming  the 
shaft  of  a hair.  The  nail  lies  upon  very  fine  and  closely-set 
})apillae,  forming  its  bed  or  matrix,  and  is  covered  at  its  base 
by  a fold  of  skin,  from  beneath  which  it  seems  to  grow;  this 
part  of  the  nail  is  called  its  root. 

The  Org’an  of  Taste.  —The  sense  of  taste  is  resident  in 
the  tongue  and  soft  palate.  The  tongue  is  a muscular  organ, 
covered  on  its  ui>per  surface  by  a thick  layer  of  mucous 
membrane,  'the  muscular  fibre  is  of  the  striped  or  voluntary 
kind,  but  is  notable  for  its  free  admixture  with  fine  soft  fat, 
the  fre(iuent  branching  of  the  fibres,  and  the  close  connection 
between  the  muscle  and  mucous  membrane.  The  mucous 
mend.)rane  on  the  upper  surface  is  thick  and  adherent,  that  on 
the  under  surface  is  thin  and  free;  the  latter  forms  a band 
connecting  the  tongue  with  the  inside  of  the  lower  jaw  in 
front  and  called  the  frenum,  or  bridle  of  the  tongue.  The  back 
part  of  the  upper  surface  of  the  tongue  is  covered  by  a mass 
of  mucous  glands  (lingual  glands),  and  the  rest  of  that  surface 
is  covered  by  irregular  projections,  or  papillae.  At  the  junc- 
tion of  the  glandular  with  the  papillated  surface  of  the  tongue 
is  a peculiar  group  of  structures  called  the  circum'vallate 
papillae,  arranged  in  the  form  of  a very  open  V,  with  the  point 
of  the  letter  directed  backwards.  The  circumvallate  papillae 
are  commonly  ten  or  twelve  in  number,  an  especially  large  one 
(foramen  caecum)  being  placed  at  the  point  of  the  V ; each  of 
them  has  the  appearance  of  a circular  ditch,  with  a tower-like 
papilla  in  the  centre.  The  papillae  are  freely  supplied  with 
blood-vessels  and  nerves,  and  are  covered  with  many  layers  of 
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epithelium.  At  tlie  sides  of  the  central  j)apilla,  deep  down  in 
the  ditch,  are  a nnmher  of  tiask-sliaped  bodies  called  taste- 
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Fis.  128.— Tongue  and  Tonsils. 

1,  Circuinvallate  paidlhe;  2,  foramen  ciceum ; 3,  fungiform  papilhe  ; 4,  filiform  papilla';  5 
lateral  rows  of  filiform  papillaj ; t>,  glands  at  base  of  tongue;  7,  tonsil ; 8,  epiglottis ; 9,  fold 
of  mucous  membrane  between  tongue  and  epiglottis.  [^Vilson.J 

buds,  the  terminal  organs  connected  with  the  filaments  of  the 
glosso-pharyngeal  nerves.  The  taste-bnds  (fig.  129,  t)  are 
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collections  of  epithelial  cells,  the  outer  ones  being  shaped  like 
barrel-staves,  and  the  inner  being  thin,  and  pointed  at  the  free 
ends.  The  mouths  of  the  taste-buds  open  into  the  ditch,  and 
the  spike-like  ends  of  the  central  cells  ])roject  for  a short 
distance  through  the  openings;  the  deep  ends  of  the  cells  are 
connected  with  the  terminal  filaments  of  the  glosso-pharyn- 
geal  nerves.  The  ditch  around  each  papilla  seems  to  retain 
momentarily  the  substance  to  l)e  tasted,  and  it  is  there 


Pi(r.  129.— Section  of  Circumvallate  1‘apillae  of  tlie  Tongue— higlily  magnified. 

I .1,  Section  of  tiie  central  papilla ; BB,  section  of  the  surrounding  elevation ; Pa,  papilla 
of  the  true  skin;  layer  of  stratified  squamous  epithelium;  T,  taste  buds ; IT  and 
1 1 1 represent  very  highly  magnified  views  of  cells  of  the  taste-buds. 

brought  into  contact  Avith  the  cells  of  the  taste-l)uds,  and  through 
them  the  influence  is  transmitted  to  the  nerve-endino-s. 

The  anterior  tAvo-thirds  of  the  njiper  surface  of  the  tongue 
is  coA^ered  by  tAvo  other  varieties  of  papilla3,  the  filiform  and 
fungiform  pa])ilhie.  The  filiform  papillae  are  by  far  the  most 
nnmerous,  and  are  arranged  in  lines  nearly  parallel  at  the 
back  Avith  the  line  of  circumvallate  papillae,  and  in  front  Avith 
the  middle  line;  they  are  croAvned  by  very  fine  brush-like 
})i‘ocesses  formed  of  epithelial  scales,  and  are  mainly  of  nse 
in  lireaking  doAvn  the  food  in  mastication.  The  fungiform 
papillae,  much  less  numerous,  are  scattered  at  irregular  inter- 
vals over  the  suiTace  of  the  tongue,  and  Avhen  that  organ  is 
covered  Avith  fnr  often  a])pear  as  little  red  projections  in  the 
midst  of  the  Avhite.  They  are  small  mushroom-like  projections, 
coated  Avith  a thick  layer  of  epithelium,  and  connected  at  their 
base  Avith  the  nerves  of  taste  of  the  front  of  the  tongue.  . 
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Nerves. — The  nerves  of  taste  are,  at  the  l)ack  part  of  the 
tongue  the  glosso-pharyngeal  nerves,  in  front  the  clioi'da- 
tympani  nerves.  The  lingual  branch  of  the  fifth  (sometimes 
called  gustatory)  confers  on  the  tongue  the  sense  of  touch, 
pain,  heat,  and  cold. 

The  Organ  of  Smell.— The  nose,  although  properly  re- 
garded as  the  organ  of  smell,  since  odours  have  to  j)ass  through 
the  nostrils  to  be  apprehended,  foi-ms  in  reality  only  a small 
outlying  part  of  that  organ. 

The  essential  portion  is  the 
mucous  membrane  of  the 
nasal  cavities,  extending 
as  high  as  the  base  of  the 
skull. 

The  Nose  is  formed  of 
bone,  cartilages,  muscles, 
mucous  membrane,  vessels 
and  nerves.  The  bones 
taking  part  in  its  forma- 
tion are  the  nasal  bones 
(the  bridge  of  the  nose) 
and  the  nasal  ])rocesses 
and  nasal  s])ine  of  the 

es 

are  two  pairs,  u]>per  and 
lower  nasal  cartilages,  and, 
small  bits  of  the  same 
tissue  filling  up  the  intervals  between  them.  The  nostrils  are 
the  anterior  openings  of  the  nasal  cavities,  they  overhang  the 
mouth,  and  are  directed  downwards,  l)eing  se})arated  from  each 
other  by  a prolongation  of  the  nasal  se])tum. 

The  Nasal  Cavities  are  placed  in  the  middle  of  the  bones 
of  the  face,  and  are  se|)arated  from  each  other  b}'  a septum 
formed  by  the  central  plate  of  the  ethmoid  bone,  the  vomer, 
and  a triangular  plate  of  cartilage.  The  roof  of  the  cavities  is 
formed  by  the  cribriform  plate  of  the  ethmoid  l)one  and  the 
sphenoid,  so  that  in  front,  only  the  thin  layer  of  the  former 


upi)er  jaw.  The  cartilag 


Fig.  130.— Distribution  of  Nerves  over  interior  of 
Nostrils  (outer  wall). 


1,  Hranehes  of  nerves  of  smell— olfactory  nerve;  3, 
nerves  of  eoinmon  sensation  to  the  nostril ; 4,  r>,  G, 
nerves  to  the  palate  springing  fr<un  a ganglion  at 
3 ; 7,  8,  9,  branches  from  one  of  the  palate  nerves  to 
nasal  cavities;  10,  communication  with  facial  nerve. 
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(not  more  than  inch  thick)  separates  these  cavities  from  that 
for  the  brain.  The  sides  are  formed  by  the  upper  jaw-bones, 
the  lachrymals,  and  palates,  and  the  floor  by  the  palate  plates 
of  the  upper  jaws  and  palate  l)ones.  At  the  back  of  the  nose 
each  cavity  opens  into  the  upper  part  of  the  pharynx  by  an 
oval  aperture  immediately  above  the  soft  palate,  and  in  this 
way  the  throat,  nose,  and  mouth  communicate.  On  each  lateral 
wall  are  three  scroll-like  l)ones  (turbinated  bones),  the  two 
upper  forming  part  of  the  ethmoid,  and  the  lower  one  being  an 
independent  bone.  They  serve  to  increase  the  extent  of  mucous 
membrane,  and  thus  provide  for  the  warming  and  moistening 
of  the  air  l)efore  it  passes  into  the  lungs. 

Opening  into  the  nasal  fossae  are  irregular  cavities  in  the 
up|)er  jaw  (the  antrum),  ethmoid,  and  sphenoid  bones;  they  are 
lined  with  mucous  membrane  continuous  with  that  of  the  nose, 
and  the  air  passes  into  them  in  respiration.  The  mucous  mem- 
brane of  the  nose  is  called  the  Schneiderian  membrane.  Only 
that  part  of  it  al)ovo  the  lower  edge  of  the  middle  turbinated 
})one  is  endowed  with  the  faculty  of  smell ; it  is  of  a darkei’ 
colour  than  the  rest,  is  covered  by  columnar  non-ciliated  cells, 
and  has  in  it  the  olfactoiy  nerves  terminating  in  olfactory 
cells.  The  latter  have  an  oval  central  part  and  a long  tapering 
})i‘ocess  at  each  end.  One  process  projects  beyond  the  surface 
level  of  the  epithelium,  like  a bristle,  and  is  probably  caused 
to  vibrate  by  the  substance  smelled;  the  other  process  passes 
to  the  deep  part  of  the  mucous  membrane  to  join  the  termi- 
nation of  a branch  of  the  olfactory  nerve. 

The  lower  part  of  the  nasal  cavities  has  nothing  to  do  with 
the  sense  of  smell,  but  is  respiratory  in  function;  the  mucous 
n^embrane  is  covered  by  ciliated  columnar  cells,  and  contains  a 
considerable  number  of  mucous  glands  which  by  their  secretion 
serve  to  keep  the  membrane  moist. 

Organ  of  Vision — The  Eye  and  its  Appendages. — The 

Eye  is  contained  in  the  orbit  or  eye-socket,  a description  of 
which  will  be  found  oti  page  42.  The  cavity  is  occupied  by 
fine  fat,  in  which  the  eye,  its  muscles,  vessels,  and  nerves  lie 
embedded.  This  allows  of  the  free  movement  of  the  eye-ball, 
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and  protects  it  from  injury  on  all  sides  but  one,  namely,  the 
front.  In  illness  much  of  the  fat  gets  absorbed,  and  this  ex- 
plains the  sunken  appearance  the  eyes  then  present. 

The  Eyelids  are  two  folds  or  lappets  which  serve  to  cover  the 
eyeball  in  sleep  and  to  protect  it  during  Avaking.  They  are 
covered  externally  by  very  thin  skin,  and  internally  are  lined 
by  mucous  membrane;  between  these  a condensed  fibrous 


Fig.  131.— Representation  of  a vertical  cut  through  the  Eyeball  in  its  Socket. 

A,  Cornea;  B,  anterior  chamber;  C,  pupil;  D,  iris;  E,  crystalline  lens;  F,  suspensory 
ligament;  G,  ciliary  process;  H,  sclerotic;  I,  choroid;  K,  retina;  L,  vitreous  humour; 
-M,  optic  nerve;  N,  inferior  rectus  muscle;  0,  superior  rectus  muscle;  P,  elevator  muscle 
of  the  upper  lid ; Q,  upper  eyelid ; R,  lower  eyelid. 


layer  (erroneously  spoken  of  as  the  tarsal  mrtihge)  serves  to 
maintain  the  shape  of  the  lids.  Inside  this  layer  there  is  a 
roAV  of  glands,  having  long  narrow  ducts,  Avhich  open  on  to  the 
margin  of  the  eyelids.  These  are  the  Meibomian  glands;  they 
serve  to  lubricate  the  edge  of  the  eyelids.  Towards  the  front 
of  the  free  edge  of  the  lids  are  placed  the  eyelashes;  these  are 
short  hairs  Avhich  curve  upwards  in  the  u}>per  and  downwards 
in  the  lower  lid.  The  mucous  membrane  lining  the  lids  is 
named  the  conjunctiva.  It  is  very  adherent  to  the  inner 
surface  of  the  lids,  and  is  there  pinkish  in  colour;  it  forms  a 
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loose  fold  where  it  is  reflected  from  the  lids  to  the  eyeball,  and 
foreign  l)odies  (dust,  &c.)  are  very  liable  to  become  lodged  in 
the  sac  thus  formed.  The  conjunctiva  passes  over  the  eyeball 
till  it  reaches  the  clear  transparent  part— the  cornea — when  it 
becomes  adherent  again,  and  formed  only  of  epithelial  cells, 
which  are  inseparable  from  the  underlying  corneal  tissue. 

Besides  the  structures  thus  described,  the  eyelids  contain  the 
muscular  fibres  of  the  orbicularis  palpebrarum  muscles,  which, 
Avhen  brought  into  action,  close  the  eyes;  they  also  contain 
blood-vessels  and  nerves. 

The  Tear  gland  (lachrymal  gland)  is  placed  at  the  upper 
and  outer  part  of  the  eye-socket,  occupying  a hollow  in  the 
frontal  bone,  and  resting  on  the  upper  part  of  the  eye.  It  is 
a racemose  gland  and  is  formed  of  lobules,  each  made  up  of  a 
number  of  vesicles  lined  with  epithelium,  and  emptying  by  a 
number  of  ducts.  These  open  on  to  the  surface  of  the  con- 
junctiva beneath  the  upper  eyelid,  and  the  tears  secreted  by 
the  gland  pass  from  these  ducts  across  the  front  of  the  eye  to 

•f 

the  inner  corner.  Here  they  are  gathered  up  by  a small 
opening  near  the  inner  end  of  each  eyelid,  and  carried  by 
minute  canals  into  a sac  (lachrymal  sac),  lying  in  the  groove 
of  the  lachrymal  l)one  at  the  inner  side  of  the  orbital  cavity. 
From  the  sac  the  tears  are  carried  into  the  nose  by  a wide 
canal — the  nasal  duct.  This  communication  of  the  mucous 
surface  of  the  eye  with  that  of  the  nose  explains  how  readily 
inflammation  spreads  from  the  latter  to  the  former  in  measles^ 
and  other  afiections  involving  the  nose,  and  also  accounts  for 
the  increased  nasal  flow  when  persons  are  moved  to  tears. 

The  Eyeball  is  spheroidal  in  shape,  but  is  of  rather  less 
measurement  from  before  backwards  than  from  side  to  side. 
It  has  three  coats  or  tunics:  the  outer  or  supporting  coat 
called  the  sclerotic;  the  middle  or  vascular  coat — the  choroid; 
and  the  inner  or  recipient  coat — the  retina. 

The  Sclerotic  is  somewhat  thicker  l^ehind  than  in  front;  it 
has  a white,  opalescent  appearance,  giving  rise  to  the  phrase 
“the  white  of  the  eye”,  and  is  formed  of  white  fibrous  tissue 
arranged  in  numerous  layers  in  the  interstices  of  Avhich  are 
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a few  branched  connective  tissue  cells.  In  front,  this  layer 
becomes  modified  so  as  to  form  a clear,  transparent  window — 
the  cornea — through  which  light  is  transmitted  to  the  interior 
of  the  eye.  The  Cornea,  like  the  rest  of  the  outer  coat,  is 
formed  of  connective  tissue,  bnt  contains  a very  large  number 
of  connective  tissue  cells,  and  these  are  much  l)ranched  and  lie 
in  spaces  in  the  corneal  substance;  it  is  this  character  which 
renders  the  cornea  transparent,  while  the  sclerotic  (formed  of 
the  same  material)  is  opaque. 

The  Choroid  Coat  (the  second  tunic  of  the  eye)  is  essentially 
a vascnlar  coat,  being  made  u{)  of  ])lexuses  of  arteries,  veins, 
and  capillaries.  In  the  meshes 
of  these  are  numerous  branched 
cells  loaded  with  pigment.  In 
front,  about  opposite  the  point 
where  the  sclerotic  passes  into 
the  cornea,  the  choroid  forms 
a series  of  ridges  or  folds  sur- 
rounding the  crystalline  lens, 
these  are  called  ciliary  pro- 
cesses. They  contain  blood-  rig.  m-rHfferent  Kinds  of  pigment  Cells 

* ^ from  Choroid  and  Ketina  of  the  Eye. 

vessels  and  nerves  in  large 

quantity,  and  are  deeply  pigmented,  Imt  are  further  distin- 
guished by  the  presence  of  unstriped  muscular  fibre  in  their 
substance,  forming  the  ciliary  muscle,  by  the  action  of  whicli 
the  accommodation  of  the  eye  is  effected. 

t. 

Passing  from  the  front  of  the  ciliary  processes  is  the  iris, 
which  may  be  regarded  as  a further  continuation  of  the 
choroid.  The  iris  is  the  coloured  ])art  of  the  eye  and  forms  a 
transverse  partition  dividing  it  into  two  chambers,  the  small 
anterior  part  between  the  iris  and  cornea  forms  the  anterior 
chamber,  and  is  occupied  by  a thin,  watery  fluid,  the  aqueous 
humour;  the  part  behind  the  iris  forms  the  posterior  chamber 
and  contains  the  crystalline  lens  and  vitreous  humour.  In  the 
centre  of  the  iris  is  a circular  opening,  tlie  pupil,  which  has  the 
appearance  of  being  a black  spot;  it  is  to  allow  of  the  trans- 
mission of  light  to  the  interior  of  the  eye.  The  iris  has  a 
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framework  of  connective  tissue  with  most  of  the  fibres  running 
from  the  circumference  towards  the  centre  and  forming  radiat- 


ing pillars,  the  posterior  surface  is  covered  by  pigmented  cells, 
and  in  dark  eyes  (brown  or  black)  the  pigment  also  passes 
into  the  several  layers  of  the  iris.  In  its  substance  are  bundles 

of  involuntary  mus- 
cular fibres,  arranged 
in  two  sets;  one  runs 
round  the  edge  of  the 
iris  where  it  forms  the 
pnpil,  and  serves  by  its 
contraction  to  narrow 
the  opening;  the  other 
set  radiates  from  the 
pupil  to  the  circum- 
ference of  the  iris  and 
by  its  contraction  di- 
lates the  opening. 

The  inner  coat  of 
the  eye  is  called  the 
Retina.  It  exists  as 
a very  delicate  film, 
lining  the  interior  of 
the  eye,  and  is  in  the 
living  person  of  a pur- 
plish tint,  but  in  the 
dead  eye  is  greenish 
gray.  At  the  back 
of  the  eye  it  is  firmly  fixed  by  means  of  the  fibres  of  the 
optic  nerve,  which  enter  it  and  form  a large  part  of  its 
structure;  here  it  is  thickest,  becoming  gradually  thinner  as 
it  passes  forwards,  and  terminating  in  a festooned  edge  (ora 
serrata)  behind  the  ciliary  processes.  In  the  optical  axis 
of  the  eye,  and  a tenth  of  an  inch  to  the  outer  side  of  the 
o})tic  nerve  entrance,  is  a spot  which  is  at  once  the  most 
sensitive  and  the  thinnest  part  of  the  retina;  it  is  the  yellow 
spot  or  macula  lutea.  Although  very  thin,  the  retina  is  made 
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Fig.  133.— The  Microscopic  Structure  of  the  Retina. 
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up  of  many  layers,  and  is  so  complicated  in  structure  that  only 
a general  description  will  ’be  here  attempted.  On  the  side  of 
the  retina  next  to  the  choroid  is  a layer  of  six-sided,  granular, 
nucleated  cells,  filled  with  pigment;  these  were  formerly 
described  as  belonging  to  the  choroid  coat,  but  are  now 
regarded  as  retinal.  The  next  layer  to  this  consists  of  ])eculiar 
bodies  called  rods  and  cones,  the  rods  greatly  })redoniinatiiig 
in  the  retina  generally,  but  the  cones  being  alone  present  at 
the  yellow  spot.  To  this  succeeds  a layer-  of  nuclear  bodies 
connected  with  each  other  and  with  the  pi'evious  layer  by  fine 
fibres;  many  of  these  are  connected  directly  with  tlie  bases  of 
the  rods  and  cones.  Next  comes  a narrow  layer  of  fine  gran- 
ules (outer  granular  layer),  succeeded  l)y  a second  nuclear  layer, 
and  this  again  by  a second  and  mucli  thicker,  granular  layer. 
The  two  internal  layers  of  the  retina  are  a laj  er  of  nerve-cells 
and  one  of  nerve -fibres,  the  latter  being  most  internal,  and 
separated  from  the  vitreous  humour  only  by  a thin  limiting 
membrane.  Fine  filjres  pass  through  the  retina  from  the  rods 
and  cones  to  the  inner  layers,  and  have  some  connection  Avith 
the  other  elements  as  they  pass  through  them.  It  is  supposed 
that  light  causes  the  rods  and  cones  to  vibrate,  and  that  the 
motion  is  transmitted  by  these  fibres  to  the  nerve-cells  and 
nerve-fibres,  and  by  them  the  sensation  is  carried  to  the 
brain.  The  optic  nerve  entrance  is  totally  devoid  of  rods  and 
cones,  and  is  fpiite  insensitive  to  light.  In  the  macula  the 
rods  are  absent,  but  the  cones  are  numerous,  elongated  and 
compressed;  the  other  layers  are  much  reduced  in  thickness 
and  the  nerve-fibres  are  absent.  The  blood-Axssels  of  the 
retina  enter  or  leave  the  eye  through  the  centre  of  the  optic 
nerve,  and  ramify  in  the  two  inner  layers  of  the  retinal 
structure. 

Behind  the  iris  is  placed  the  Crystalline  Lens,  having  the 
form  of  a biconvex  lens,  with  the  anterior  surface  more  flat- 
tened than  the  posterior.  It  is  i)erfectly  trans])arent  in  health, 
and  Avhen  it  l)ecomes  opacpie  from  senile  changes  or  injury 
constitutes  the  condition  knoAvn  as  cataract.  The  lens  is 
itself  elastic,  and  is  contained  in  an  elastic  capsule,  and  is  thus 
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able  to  change  its  shape  and  convexity  in  the  act  of  accommo- 
dation of  the  eye  for  near  and  distant  objects.  In  front  the 
iris  lies  against  it,  and  the  anterior  snrface  is  bathed  by  the 
aqueous  humour;  behind,  it  is  supported  by  the  front  of  the 
vitreous  humour.  It  is  held  in  its  place  by  an  elastic  suspen- 
sory ligament  passing  from  its  margin  to  the  choroid,  behind 
the  base  of  the  ciliary  processes.  The  ciliary  muscle  has  been 
(lescril)ed  as  forming  part  of  the  structure  of  the  ciliary  pro- 
cess; it  is  placed  at  the  junction  of  the  cornea,  sclerotic,  and 
choroid.  By  its  contraction  it  draws  forwards  the  posterior 
attachment  of  the  suspensory  ligament  of  the  lens,  relaxes 
that  ligament,  and  thus  frees  the  lens  from  its  pressure,  and 
allows  the  latter  to  become  more  convex.  This  is  what  takes 
place  Avhen  near  objects  are  looked  at. 

The  greater  portion  of  the  interior  of  the  globe  of  the  eye 
is  occupied  by  the  Vitreous  Humour.  This  is  a very  soft,  jelly- 
like  modilication  of  connective  tissue,  enclosed  in  a thin  trans- 
parent capsule,  the  hyaloid  membrane,  and  serving  to  maintain 
the  shape  of  the  eye  and  permit  the  rays  of  light  to  reach  the 
retina. 

The  nerves  passing  to  the  eyeball  are  the  third  nerve,  nasal 
Ijranch  of  the  fifth,  and  sympathetic.  The  arteries  are  branches 
of  the  ophthalmic. 

The  Org’an  of  Hearing*. — The  ear  or  organ  of  hearing  is 
divided  into  three  portions — the  external  ear,  the  middle  ear, 
and  the  internal  ear. 

The  External  ear  consists  of  the  auricle,  aiul  the  meatus,  or 
channel  passing  inwards  to  the  middle  ear.  The  auricle,  the 
expanded  part  of  the  ear,  is  formed  of  cartilage,  on  Avhich 
lie  several  rudimentary  muscles,  and  is  covered  by  thin  and 
delicate  skin.  Dependent  from  the  lower  part  is  the  lobule, 
formed  of  fibrous  tissue  and  fat,  and  which  in  savage  and  civil- 
ized races  alike  serves  for  the  attachment  of  ornaments.  The 
meatus,  or  opening  of  the  ear,  is  a short  canal  passing  inwards 
and  slightly  forwards;  it  is  oval  in  shape,  narroAver  in  the 
centre  than  at  either  end,  and  its  floor  rises  a little  in  the 
middle.  Small  hairs  jut  out  into  the  lumen  of  the  canal,  and 
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a iiiiniber  of  glands  })Our  out  the  secretion  of  cerninen  (or  wax) 
on  to  the  skin  lining  it.  At  the  inner  end  of  this  opening  is 
placed  the  drum  of  the  ear  or  membrana  tympani. 

Middle  Ear. — This  is  formed  by  a cavity  contained  in  the 
temporal  bone,  at  the  l)ottom  of  the  meatus,  and  called  the 
tympanic  cavity.  At  its  outer  side  is  the  drum  or  membrana 
tympani,  completely  separating  off  the  cavity  from  the  meatus. 


Fig.  134.— The  Ear  of  the  Right  Side. 


A,  Auricle;  B,  external  meatus ; C,  drum,  i>artly  removed;  U,  cavity  of  tympanum;  E,  incus, 
and  M,  malleus— small  bones  of  the  middle  ear;  11,  cochlea,  and  G,  semicircular  canals  of 
internal  ear.  [These  latter  parts  are  buried  in  tiie  temporal  bone  of  the  head.]  1,  Eusta- 
chian tube  passing  from  the  cavity  of  the  middle  ear  to  the  throat. 

The  drum  is  a thin,  oval  memln  ane,  having  a dejiression  on  the 
outer  side  near  its  middle,  due  to  being  drawn  in  by  one  of  the 
little  bones  of  the  ear,  the  malleus  or  hammer,  the  handle  of 
which  is  attached  to  it.  The  inner  wall  of  thetym})anic  cavity 
is  irregular,  and  has  on  it  two  openings  called  fenestras  (windows). 
One  of  these  is  oval  in  shape  (fenestra  ovalis),  communicates 
with  the  vestibulai*  cavity,  and  is  occupied  by  the  foot  of  the 
stapes  or  stirrup-bone;  the  other  is  round  (fenestra  rotunda), 
and  communicates  with  one  of  the  staircases  of  the  cochlea. 
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IJeliiiid,  the  tympanic  cavity  has  opening  into  it  some  air  cavi- 
ties in  the  mastoid,  the  mastoid  cells;  in  front,  it  is  placed  in 
communication  with  the  upper  part  of  the  throat  by  means  of 
the  Eustachian  tube.  In  consequence  of  the  latter  connection 
the  mucous  membrane  of  the  tympanic  cavity  is  continuous  with 
that  of  the  nose  and  throat,  and  it  is  in  consequence  of  this 
that  middle- ear  disease  is  so  common  after  scarlet  fever. 

A chain  of  small  bones  crosses  the  cavity,  and  is  connected 
on  the  outer  wall  with  the  drum,  and  on  the  inner  with  the 

fenestra  ovalis;  these  are  the  malleus  or 
hammer,  the  incus  or  anvil,  and  the  stapes  or 
stirrup.  They  are  seen  in  their  proper  relative 
position  in  the  lower  figure  of  fig.  135,  where 
1 is  the  malleus  and  2 its  handle;  3 the  incus 
with  4,  its  long  process,  passing  to  articulate 
with  5,  the  stapes.  The  handle  of  the  mal- 
leus (2)  is  attached  to  the  drum,  and  when 
that  is  vibrated  l)y  waves  of  sound  the  motion 
is  transmitted  to  the  malleus,  thence  to  the 
incus,  by  which  it  is  passed  on  to  the  stapes, 
the  latter  is  consequently  driven  into  the  fen- 
estra ovalis.  But  that  opening  is  closed  by  a thin  membrane, 
and  when  the  stirrup  is  moved  this  is  driven  in  towards  the 
internal  ear  containing  the  delicate  nerve  apparatus,  which  is 
thus  acted  on. 

In  connection  with  the  three  small  bones  are  three  diminu- 
tive muscles.  One  of  these,  the  tensor  tympani,  is  inserted 
into  the  malleus  near  the  root  of  the  handle  and  l)y  drawing  the 
middle  of  the  drum  inwards  makes  it  tense.  A second  muscle 
attached  to  the  malleus  is  the  laxator  tympani;  it  opposes  the 
action  of  the  previous  muscle,  and  relaxes  the  drum.  The 
third  muscle,  called  stapedius,  is  connected  with  the  neck  of 
the  stirrup,  and  serves  to  limit  the  movement  of  that  bone,  and 
prevent  its  being  driven  too  forcibly  into  the  fenestra  ovalis. 

The  cavity  of  the  tympanum  is  crossed  by  the  chorda  tym- 
pani nerve,  coming  from  the  facial  and  going  to  the  tongue. 
At  the  upper  part  of  the  inner  wall  is  the  facial  nerve  con- 


Fig.  135.— Ear-bones. 


1,  Head  of  malleus;  2, 
liandle  of  the  malleus; 
3,  short  process  of  in- 
cus; 4,  long  i)rocess  of 
incus ; 5,  stapes. 
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tained  in  the  aqueduct  of  Fallopius;  its  position  in  relation  to 
the  middle  ear  explains  how  it  is  that  facial  paralysis  sometimes 
follows  on  ear  disease. 

Internal  Ear. — The  internal 
ear  is  entirely  enclosed  in  the 
petrous  portion  of  the  temporal 
bone.  The  densest  part  of  the 
bone  is  excavated  into  cavities 
and  canals,  communicating  with 
each  other,  and  occupied  by  fluid 
in  which  membranous  structures 
float.  The  suggestive  name 
of  labyrinth  is  given  to  the 
cavities  of  the  internal  ear,  and 
the  existence  of  sacs  within  the 
bony  canals  leads  to  the  struc- 
tures as  a whole  l)eing  described 
under  the  two  heads  of  the 
osseous  labyrinth  aiid  the  mem- 
branous labyrinth. 

The  Osseous  labyrinth  con- 
sists of  the  cavities  in  the  bone; 
they  are  the  vestibule  in  the  middle,  the  cochlea  in  front,  and 
the  semicircular  canals  behind.  The  vestibule  is  an  oval 
cavern,  communicating  on  the 
outer  side  with  the  tympanic 
cavity  by  the  fenestra  ovalis 
(fig.  136,  2),  the  opening  of 
which  is,  however,  blocked  l)y  b 
the  foot  of  the  stapes.  On  the  ^ 
inside  the  vestibule  has  the 

. IT  1 'Uie  Coclilca  opened  up  (nuiKiiitied). 

internal  auditory  meatus,  and 

. 1 ^ r ; B,  osseous  division  between  the 

receives  filaments  from  the  staircases;  C,scalatyinpani;  D.scalavestibuU; 

. - . . E,  dome  of  the  cochlea. 

auditory  nerve  as  it  lies  in  that 

canal.  Behind,  it  opens  into  the  semicircular  canals,  and  in  front 
communicates  with  the  cochlea.  The  semicircular  canals  are 
three  in  number,  and  are  connected  at  each  end  with  the  vesti- 


Fig.  136.  — Bony  Internal  Ear  of  the  Bight 
Side;  the  upper  figure  magnified ; the  lower  of 
the  natural  size. 

2,  Fenestra  ovalis;  3,  superior  semicircular 
canal;  4,  e.xternal  semicircular  canal;  5, 
posterior  semicircular  canal ; 6,  communica- 
tion between  cochlea  and  vestibule;  7,  8, 
cochlea;  !),  fenestra  ovalis.  The  asterisks 
mark  the  dilatations  or  ampullae  of  the  semi- 
circular canals. 
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bule,  but  as  two  of  the  canals  unite  by  one  of  their  ends  there  are 
only  five  openings  into  that  cavity.  Near  the  commencement  of 
each  canal  is  a spherical  dilatation,  called  an  ampulla  (fig.  136). 
The  cochlea  is  so  called  from  its  resemblance  to  a snail’s  shell. 
It  is  formed  by  a spiral  canal  passing  round  a central  shaft,  the 
modiolus.  A bony  septum  juts  out  from  the  latter — the 
osseous  spiral  lamina — and  partly  divides  the  cavity  of  the 
cochlea  into  channels,  the  division  being  completed  by  a mem- 
branous iiartition.  Each  channel  so  formed  is  called  a scala 

{staircase) ; the  upper  one,  named 
scala  vestibuli,  commences  at 
the  vestibule,  takes  two  and  a 
half  turns  round  the  modiolus, 
narrowing  as  it  ascends,  and  at 
the  summit  of  the  cochlea  opens 
by  a small  aperture  (the  lielico- 
trema)  into  the  other  staircase, 
the  scala  tympani.  The  latter 
takes  two  and  a half  turns  round 
the  modiolus,  and  ends  at  the 
fenestra  rotunda,  an  opening 
communicating  with  the  tympanum,  but  closed  by  a membraue. 
The  osseous  labyrinth  contains  a fluid,  called  perilymph,  in 
Avdiich  the  structures  forming  the  membranous  labyrinth  float. 

The  Membranous  labyrinth  is  formed  by  the  membranous 
structures  contained  in  the  osseous  labyrinth.  The  Vestibule 
contains  two  membranous  sacs,  a large  one,  the  utricle,  and 
a smaller  one,  the  saccule.  The  utricle  communicates  with 
the  membranous  semicircular  canals,  the  saccule  with  a small 
canal  in  the  cochlea.  The  membranous  semicircular  canals  are 
like  the  bony  canals  in  shape,  but  are  much  smaller  : they  have 
dilatations  in  the  ampullse.  The  inner  surface  of  these  mem- 
branes is  lined  by  epithelial  cells,  and  has  projecting  from 
it  fine  hair-like  processes,  which  float  in  a thin  fluid  called 
endolymph,  with  which  the  membranes  are  filled.  Branches 
of  the  auditory  nerve  pass  to  the  sacs  in  the  vestibule  and 
membra.nous  canals,  and  are  supposed  to  end  in  the  liair- 


(£,  Superior  membranous  semicircular  canal; 
h,  posterior  canal;  c,  external  canal;  d, 
utricle ; e,  saccule ; /,  canal  connecting  the 
saccule  witli  the  cochlea ; g,  membranous 
lamina  spiralis  of  the  cochlea. 
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like  processes.  Inside  the  utricnhir  sac,  and  closely  adherent 
to  its  wall,  are  minute  crystals  of  carljonate  of  lime,  named 
otoliths,  the  use  of  which  is  not  well  understood. 

The  membranous  part  of  the  cochlea  is  the  most  im})oi  tant 
and  complicated  part  of  the 
internal  ear.  It  has  been 
mentioned  that  the  osseous 
partition  between  the  two 
scalfe  is  incomplete,  and 
that  the  gap  is  filled  u])  by 
the  membranous  apparatus 
of  the  cochlea.  Fig.  139 
shows  that  in  the  process 
of  completing  the  septum 
a third  canal  is  formed ; 
this  is  the  scala  media  oi- 
canal  of  the  cochlea.  This 
canal  extends  from  the  base 
to  the  apex  of  the  cochlea, 
lying  l)etween  the  scala  tympani  and  scala  vestibuli,  but  not 
communicating  with  either;  it  terminates  al)Ove  in  a cul  de  sa<\ 
and  below  is  connected  with  the  saccule  by  means  of  a very  fine 
canal  (canalis  reuniens)  (fig.  138,  /).  It  is  separated  from  the 
cavity  of  the  scala  vestiljuli  by  a thin  membrane,  the  membrane 
ofReissner  (fig.  139, 

2),  and  from  the  scala 
tympani  l)y  a thicker 
and  stronger  layer, 

the  basilar  mem-  rig.  140. — Arches  of  Corti’s  organ  (very  highly  magnified). 

brane  (!)•  ithin  shown  in  their  iilaee,  resting  on  the  basilar  membrane;  B, 

- , two  rods  separated  from  their  connections. 

tiiG  scrIcI  rnccliR-j  find 

resting  on  the  basilar  membrane,  is  a very  complicated  appa- 
ratus called  the  organ  of  Corti  from  the  Marcjuis  of  Corti,  who 
first  described  it.  The  most  peculiar  and  imjiortant  elements 
of  it  are  a number  of  filires  or  rods — Rods  of  Corti — arranged 
in  pairs.  Each  pair  consists  of  an  inner  and  outer  rod,  placed 
so  as  to  form  an  acute  angle  between  them,  and  likened  to 


Fig.  139.— Vertical  Section  of  tbe  Cochlea  of  a 
Fmtal  Calf. 


A,  B,  C,  and  1),  The  osseous  lamina  si)iralis;  51, 
modiolus;  SV,  scala  vestibuli;  ST,  scala  tym- 
pani ; S M,  scala  media;  L,  lining  periosteum  ; 1, 
basilar  membrane ; 2,  membrane  of  Reissner. 
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the  gable-end  of  a house.  When  looked  at  from  above  they 

resemble  the  keys  of  a piano.  It  has  been  estimated  that  in 

the  human  ear  there  are  not  less  than  3000  of  these  arches. 

The  rods  support  a number  of  modified  epithelial  cells,  those 

on  the  side  towards  the  modiolus  being  largest  and  most 

numerous,  and  filling  up  a hollow  in  the  edge  of  the  lamina 

spiralis.  From  the  upper  surface  of  the  inner  cells  there 

project  bundles  of  stiff*  hairs;  these  pass  through  openings  in 

a fenestrated  membrane,  which  covers  the  cells.  The  bases 

of  the  cells  are  intimately  connected  with  the  ends  of  the 

cochlear  branches  of  the  auditory  nerve,  which  reach  the  organ 

of  Corti  by  passing  through  the  centre  of  the  modiolus.  It  is 

stated  by  some  authorities  that  the  hair-cells  are  the  true  ter- 
«/ 

minal  organs  of  the  auditory  nerve;  others  consider  the  rods 
of  Corti  to  occupy  that  position. 

t:. 
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THE  VISCEKA  OF  THE  BODY. 

The  Viscera  of  the  l)ody  are  situated  in  the  great  cavities — 
the  cranio-spinal  axis,  chest,  abdomen,  and  pelvis.  The  viscera 
of  the  first  of  these,  namely,  the  brain  and  spinal  cord,  have 
been  already  described.  Those  of  the  chest  are  the  heart  and 
lungs;  the  first  of  these  has  been  already  described.  The 
viscera  of  the  abdomen  are  the  alimentary  canal,  liver,  spleen, 
pancreas,  kidneys,  and  snpra-renal  bodies.  Those  of  the  pelvis, 
the  urinary  bladder  and  organs  of  generation. 

The  Org’ans  of  Respiration  and  Voice. — The  organs  of 
respiration  are  the  two  lungs  connected  together  by  the  wind- 
pipe or  trachea.  The  upper  part  of  the  trachea  is  modified  to 
form  the  voice-box  or  larynx. 

The  Larynx. — ^The  Larynx  or  voice-box  is  placed  at  Uie 
upper  part  of  the  windpipe  immediately  below  the  tongue,  with 
which  also  it  is  closely  connected.  It  is  seen  and  felt  a little 
below  the  jaw,  where  it  forms  a prominent  projection  known 
as  the  pomum  Adami  or  Adam’s  apple.  It  is  formed  of  carti- 
lages, muscles,  and  ligaments,  is  lined  l)y  mucous  membrane, 
and  is  freely  supplied  with  vessels  and  nerves. 

The  largest  of  the  cartilages  is  called  thyroid,  from  a sup- 
posed resemblance  to  a shield  (Gk.  thi/reos,  a shield).  It  is 
formed  of  two  curved  plates  or  wings  joined  together  in  front, 
but  separated  by  a wide  interval  behind.  At  their  up})er 
part  in  front  they  form  1)y  their  union  the  projection  already 
mentioned  as  the  pomum  Adami.  From  the  back  part  of  each 
wing  a process  passes  ui)wards  (superior  cornu)  and  another 
downwards  (inferior  cornu).  The  foi-mer  is  loosely  connected 
with  the  hyoid  bone  l)y  a ligament;  the  latter  is  articulated  by 
a true  joint  with  the  cricoid  cartilage,  and  forms  the  hinge  on 
which  the  thyroid  moves.  This  articulation  allows  of  the  thyroid 
moving  upwards  and  downwards  on  the  cricoid,  Imt  not  from 
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side  to  side.  The  cricoid  cartilage  is  shaped  like  a signet-ring, 
and  is  very  narrow  in  front  but  deep  and  strong  behind.  The 
broad  posterior  part  helps  to  fill  the  space  between  the  two  wings 
of  the  thyroid.  The  part  in  front  is  so  narrow  that  an  interval 
is  left  between  it  and  the  thyroid,  which  in  the  living  person 

is  closed  by  membrane;  it  is  through 
this  space  that  the  air -passage  is 
opened  in  the  operation  of  laryngo- 
tomy,  for  the  relief  of  obstruction  to 
the  breathing.  Tracheotomy,  again, 
consists  in  opening  into  the  windpipe 
(trachea)  below  the  larynx.  At  the 
back  and  upper  part  of  the  cricoid 
cartilage  is  a slightly -flattened  surface 
for  the  support  of  a pair  of  very  sin- 
gular cartilages  of  a pyramidal  form, 
called  the  arytenoid  cartilages.  They 
are  capped  by  little  horn-like  projec- 
tions and  give  attachment  by  their 
anterior  angles  to  the  true  vocal  cords, 
and  by  their  outer  angles  to  the 
muscles  which  open  and  close  the 
glottis,  or  upper  opening  of  the  wind- 
pipe. Immediately  behind  the  pomum 
Adami  is  a cartilage  shaped  like  a 
leaf,  and  attached  by  a narrow  neck 
to  the  inner  surface  of  the  thyroid 
cartilage;  it  is  the  cartilage  of  the 
epiglottis,  and  is  composed  of  elastic 
cartilage,  whereas  the  others  named 
above  are  of  white  hyaline  cartilage.  The  epiglottis  forms  a 
lid  for  the  opening  of  the  windpipe,  closing  down  over  it  during 
swallowing,  and  thus  preventing  the  food  from  going  into  the 
air-passages.  It  is  connected  to  the  tongue  by  three  folds  of 
mucous  membrane  {glosso-epiglottic  folds),  and  with  the  aryte- 
noid cartilages  by  other  folds  {ary -epiglottic  folds),  and  its 
motion  is  controlled  by  muscles  and  fibrous  bands  passing  to 


H 


Fig.  141.— The  larynx  (L) ; windpipe 
(\V);  and  bronchi  (BE);  e,  epi- 
glottis ; Th,  thyroid  cartilage ; 
Gr,  cricoid  cartilage,  forming  L 
the  larynx;  a,  superior  cornu  of 
thyroid ; b,  inferior  curau ; 0,  crico- 
thyroid space;  II,  hyoid  bone. 
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it  from  the  hyoid  bone  and  thyroid  cartilage.  It  has  a cover- 
ing of  mncons  membrane,  in  which  are  nnmerons  glands. 

The  hyoid  bone  and  thyroid  cartilage  are  maintained  in 
their  proper  relative  position  by  a broad  band  of  white  fibrous 
tissue  (middle  thyro-lujoid  ligament)  and  two  slender  coitls  of 
yellow  elastic  tissue. 

The  thyroid  and  cricoid  are  connected,  by  capsular  ligaments 
surrounding  the  articulation  of  the  inferior  cornua  of  the  former 
with  the  facets  on  the  latter,  and  by 
an  elastic  membrane  closing  the  crico- 
thyroid space. 

Between  the  inner  surface  of  the 
thyroid  (close  to  the  middle  line)  and 
the  anterior  angles  of  the  arytenoid 
cartilages,  are  two  pairs  of  ligamentous 
bands,  the  upper  formed  of  white 
fibrous  tissue,  the  false  vocal  cords, 
and  the  lower  of  yellow  elastic  tissue, 
the  true  vocal  cords.  The  latter  form 
elastic  strings  whose  length  and  ten- 
sion can  be  regulated  by  the  mnscnlar 
apparatus  of  the  larynx,  and  conse- 
quently can  be  made  to  produce  a 
considerable  range  of  musical  notes; 
they  thus  form  the  essential  structures 
of  the  voice-box.  The  arytenoid  carti- 
lages are  articulated  with  the  cricoid  cartilage  by  means  of  two 


Fig.  142.— The  Ijfiryiix  (from  be- 
hind), the  soft  parts  being  removed. 

I'P,  epiglottis,  capable  of  folding 
down  on  the  entrance  to  the 
larynx  like  a lid  and  so  closing  it. 
7Vi,  thyroid  cartilage;  Or,  cricoid 
cartilage;  Ar,  arytenoid  carti- 
lages; tr, windpipe;  ««,  superior 
cornua  of  thyroid ; h b,  inferior 
cornua  of  thyroid. 


capsular  ligaments,  forming  a joint  of  the  arthrodial  variety. 

The  muscles  of  the  larynx  are  complicated,  and  all  attempts 
to  simplify  the  description  of  them  have  hitherto  failed.  One 
of  the  chief  pairs  of  muscles  is  ])laced  on  the  outside  of  the 
larynx;  as  each  muscle  passes  from  the  iqiper  edge  of  the 
front  of  the  cricoid  cartilage  to  the  lower  border  of  the  wing 
of  the  thyroid,  they  have  lieen  named  crico-thyroid.  Taking 
their  fixed  point  from  lielow  they  draw  doAvn  the  thyroid 
upon  the  cricoid,  and  cause  the  vocal  cords  to  be  approxi- 
mated and  rendered  tense.  Another  pair  of  muscles  (crico- 
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arytenoideus  posticus)  is  placed  at  the  back  of  the  cricoid 
cartilage;  each  muscle  passes  outwards  to  reach  the  outer 
angle  of  the  arytenoid.  When  acting,  these  muscles  open  the 
glottis  to  the  widest  possible  extent;  this  taking  place  when  a 
full  inspiration  is  made.  The  next  pair  of  muscles  pass  from 
the  lateral  part  of  the  ci'icoid  on  each  side  to  the  outer  angle 
of  the  arytenoid  (crico-arytenoideus  lateralis);  these  antagonize 

the  i)revious  pair,  as  they  bring  the 
vocal  cords  together  and  close  the 
glottis.  Thin  but  very  important 
bands  of  muscle  pass  on  the  outer 
side  of  the  two  true  vocal  cords  and 
parallel  with  them;  these  muscles 
— the  thyro-arytenoid — modify  the 
tension  of  the  cords  and  are  brought 
into  play  in  the  production  of  voice 
and  musical  notes.  Muscular  fibres 
also  pass  between  the  arytenoid 
cartilages  and  the  epiglottis,  and 
lietween  the  thyroid  cartilage  and 
e})iglottis;  they  serve  to  draw  down 
the  latter  structure  during  swallow- 
ing, and  also  are  effective  in  changing 
the  shape  of  the  upper  part  of  the 
larynx,  so  as  to  make  it  serve  as  an 
effective  resonance' chamber 

The  whole  of  the  larvnx  is  lined 
1)V  delicate  mucous  membrane, 
covered  for  the  most  part  with 
columnar  ciliated  epithelium;  but  on  the  true  vocal  cords  the 
membrane  is  very  thin  and  adherent,  and  has  only  a single 
layer  of  non-ciliated  S([uamous  epithelial  cells. 

Interior  of  the  Larynx.  — The  interior  of  the  larynx  is 
constricted  at  its  lower  part  by  the  bands  already  described 
as  the  false  and  true  vocal  cords,  and  has  therefore  somewhat 
the  shape  of  an  hour-glass.  The  lower  or  true  vocal  cord 
appears  as  a white  or  faintly -yellow  cord.  The  false  cord 


Fig.  143.— View  of  Larynx  from  beliiiid, 
with  all  the  soft  parts. 


/,  False  cords;  c,  placed  in  chink  of  the 
glottis,  is  between  the  true  vocal  cords; 
/Vt,  pharynx;  G,  gullet;  II , hyoid 
bone;  Ep,  epiglottis;  Th,  thyroid 
cartilage;  C?%  cricoid  cartilage;  a and 
h,  superior  and  inferior  cornua  of 
thyroid  cartilage;  IF,  windpipe. 
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does  not  approach  so  near  to  the  middle  line,  and  is  pink  in 
colour,  and  the  mucous  membrane  covering  it  is  thick  and 
loose;  the  epithelium  is  columnar  and  ciliated.  Between  the 
false  and  true  vocal  cords 
is  a space  called  the 
ventricle  of  the  larynx, 
and  this  leads  into  a 
cavity  outside  the  false 
vocal  cords,  the  saccule 
of  the  larynx.  The 
upper  opening  of  the 
larynx  is  shaped  like  the 
ace  of  clubs,  and  is 
bounded  in  front  by  the 
epiglottis,  at  the  sides 
by  folds  of  mucous  mem- 
brane called  the  ary-epi- 
glottic folds,  and  behind 
by  the  arytenoid  carti- 
lages and  the  mucous 

membrane  between  them.  The  mucous  membrane  lining  the 
larynx  is  lubricated  by  the  secretion  of  a large  number  of 
glands.  They  are  especially  plentiful  in  the  saccule  of  the 
larynx,  and  the  fluid  formed  by  them  is  directed  to  the  surface 
of  the  true  vocal  cords. 

The  constriction  of  the  larynx 
caused  by  the  approximation  of 
the  vocal  cords  is  called  the  glottis, 
or  rima  glottidis,  and  the  name 
of  cavity  of  the  glottis  is  given 
to  that  part  of  the  air-passage  ex- 
tending from  the  glottis  to  the 
edge  of  the  ary-epiglottic  folds. 

Vessels  and  Nerves. — The  arteries  of  the  larynx  are  derived 
from  the  superior  and  inferior  thyroid  arteries.  The  nerves  are 
the  superior  and  inferior  (or  recurrent)  laryngeal  branches  of  the 
vagus,  the  former  being  the  sensory  and  the  latter  the  motor  nerve. 


Fig.  144.— Vertical 

Section  of  Larynx. 

1,  Hyoid  bone;  2, 
epiglottis;  3 and 
8,  thyro  - hyoid 
membrane ; 4, 

great  cornu  of 
h3’oid ; 5,  false 
vocal  cord ; 6, 

thyro-hyoid  liga- 
ment; 7,  ventricle 
of  larynx ; 9,  true 
vocal  cord ; 10, 
ary  - epiglottic 
fold;  11,  thyroid 
cartilage ; 12,  su- 
perior cornu ; 13, 
crico  - thyroid 
membrane ; 14, 

muscle  of  ary- 
tenoid cartilages; 
15,  trachea ; 16, 
arytenoid  carti- 
lage; 18,  cricoid 
cartilage.  [Wil- 
son.] 


Fig.  145.— View  of  the  Interior  of  the 
Larynx  as  seen  with  the  Laryngoscope. 
For  description  see  text. 


(M24) 
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Laryngoscopic  Appearance. — AA'hen  examined  with  the  la- 
ryngoscope the  larynx  presents  the  appearance  shown  in  fig, 
145,  Avhere  e denotes  the  epiglottis,  c\i  a cushion-like  pad  at 
the  root  of  the  epiglottis,  %.  v.  c.  the  true  vocal  cord,  s.  v.  c.  the 
false  vocal  cord.  The  ary-epiglottic  folds  are  shown  forming 
a crescent  behind  the  vocal  cords,  and  presenting  nodular  emi- 
nences due  to  the  projection  of  the  arytenoid  and  cuneiform 
cartilages. 

The  Trachea. — The  Trachea  or  windpipe  extends  from 
the  lower  border  of  the  larynx,  opposite  the  body  of  the  sixth 
cervical  vertebra,  to  the  fourth  dorsal  vertebra;  it  there  divides 
into  the  two  bronchi,  one  for  each  lung.  It  is  about  four 
inches  in  length  and  is  nearly  an  inch  wide.  It  is  rounded 
in  front  but  is  flattened  behind  and  rests  upon  the  front  of 
the  gullet.  The  anterior  convex  portion  is  formed  of  incom- 
plete cartilaginous  rings,  joined  together  by  fibrous  membrane. 
They  serve  the  purpose  of  preventing  the  closure  of  the  tube, 
and  conse(piently  provide  for  free  access  of  air  to  the  lungs. 
The  interval  between  the  rings  at  the  back  is  occupied  by 
muscular  tissue  and  a little  connective  tissue ; the  muscular 
fibres  for  the  most  part  run  transversely,  between  the  ends 
of  the  cartilages,  but  some  are  arranged  longitudinally.  The 
whole  of  the  tube  is  lined  by  mucous  membrane,  furnished 
with  a ciliated  epithelium  continuous  with  that  of  the  larynx 
above  and  the  bronchi  below.  There  are  a large  number  of 
glands  beneath  the  mucous  membrane,  both  at  the  back  and 
sides  of  the  windpipe,  and  these  pour  out  a copious  secretion  on 
to  the  surface  of  the  membrane,  which  serves  to  lubricate  it. 

The  Bronchi  are  the  two  tubes — one  for  each  lung — into 
which  the  windpipe  divides.  They  bear  a very  close  resem- 
blance to  the  trachea,  being  convex  in  front,  flattened  behind, 
and  having  cartilaginous  rings  which  are  deficient  behind,  the 
gap  being  filled  by  muscular  tissue.  The  right  bronchus  is 
shorter  and  more  horizontal  than  the  left,  and  being  placed  in 
more  direct  continuation  with  the  trachea  is  generally  the 
place  where  foreign  bodies  get  lodged. 

Thyroid  Body. — In  front  of  the  trachea,  and  closely  con- 
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nected  with  it,  is  a peculiar  mass,  spoken  of  as  the  thyroid 
body.  It  consists  of  two  lobes  of  a triangular  shape,  placed 
one  on  each  side  of  the  windpipe  at  its  upper  ]>art,  and  con- 
nected across  its  front  by  a narrow  lobe,  the  isthmus.  The 
thyroid  body  is  composed  of  an  aggregation  of  cavities  or 


A,  Trachea;  B,  left  bronchus;  C,  right  bronchus;  I)  D,  bronchial  tubes. 

vesicles,  each  lined  by  columnar  epithelium  and  containing  a 
clear  yellowish  fluid. 

The  enlargement  of  this  body  produces  the  condition  known 
as  goitre  or  Derhysldre  neck. 

The  Lung’S. — The  Lungs,  the  organs  of  respiration,  occupy 
the  greater  part  of  the  thoracic  cavity.  They  are  two  in 
number,  the  right  being  distinguished  fi*om  the  left  liy  lieing 
shorter,  broader,  and  heavier,  and  by  being  divided  into  three 
lobes.  The  left  lung  is  longer  but  narrower  than  the  right;  it 
weighs  about  two  ounces  less,  is  divided  into  two  lolies,  and 
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has  a notch  on  its  anterior  edge  corresponding  to  the  position 
of  the  heart.  The  upper  end  of  each  Inng,  called  the  apex, 
passes  lip  into  the  lower  part  of  the  neck,  ascending  for  about 
inches  above  the  collar-bone.  The  lower  border  or  base 
rests  upon  the  diaphragm,  and  is  concave,  to  correspond  with 
the  convexity  of  that  muscle.  The  posterior  border  is  rounded 
and  thick,  and  fills  in  the  hollow  at  the  side  of  the  vertebral 
column  ; the  anterior  edge  is  thin  and  sharp,  and  overlaps  the 
pericardium  and  heart. 

Pleura. — The  lungs  are  enclosed  by  a serous  membrane,  the 
pleura,  which  forms  two  entirely  separate  sacs,  the  pleural 
cavities.  The  pleura  lines  the  chest  wall  and  upper  surface  of 
the  diaphragm,  and  from  thence  passes  on  to  the  pericardium, 
and  from  it  to  the  root  of  the  lung,  in  front  and  behind,  above 
and  below;  it  then  covers  the  whole  surface  of  the  lung,  becom- 
ing very  closely  connected  with  its  substance.  The  pleural 
membranes  secrete  sufficient  fluid  to  lubricate  their  surfaces, 
and  there  is  thus  secured  smoothness  of  movement  in  the  ex- 
pansion and  contraction  of  the  lung  in  respiration.  Inflam- 
mation of  this  membrane  is  called  pleurisy. 

Limits  of  the  Lungs. — It  will  be  understood  from  the  above 
description  that  the  limits  of  the  pleural  cavities  nearly  cor- 
respond with  those  of  the  lungs,  but  extend  very  slightly 
beyond  the  latter.  The  two  pleurae  form  dome-like  prolonga- 
tions into  the  neck,  rising  to  one  and  a half  inches  above  the 
clavicle.  The  two  sacs  meet  together  in  the  middle  line  of  the 
breast-bone,  opposite  the  cartilages  of  the  second  ribs,  and  lie 
together  till  they  reach  the  level  of  the  fourth  costal  cartilage. 
From  this  point  the  right  pleural  sac  is  continued  down  in  the 
middle  line  to  the  level  of  the  seventh  rib ; in  the  nipple  line 
it  reaches  to  the  eighth  rib,  in  the  axillary  line  to  the  ninth 
rib,  and  behind,  to  the  lower  border  of  the  eleventh,  or  upper 
border  of  the  twelfth  rib.  The  left  pleura  passes  from  the 
middle  line  at  the  level  of  the  fourth  rib,  and  reaches  the  lower 
edge  of  the  seventh  rib  in  the  nipple  line;  in  this  way  it  leaves 
a portion  of  the  front  of  the  heart  uncovered.  It  reaches  to  a 
lower  level  at  the  side  and  behind  than  the  right  pleura;  in 
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the' axillary  line  it  touches  the  lower  border  of  the  tenth  rib, 
and  at  the  back  often  extends  below  the  twelfth. 

Each  lung  is  entirely  free  in  its  entire  circumference,  ex- 
cepting along  its  inner  surface,  Avhere  it  is  connected  with  the 
air-passages  and  heart  by  structures  constituting  its  root,  and 


Fig.  147.— The  Heart  with  its  Blood  vessels  and  the  Lungs. 

A,  The  lungs  pulled  aside  in  front  to  show  the  heart,  B,  and  the  bronchial  tubes,  G,  G ; C,  the 
aorta;  I),  the  pulmonary  artery;  E,  the  superior  vena  cava,  formed  by  the  junction  of  the 
veins  (innominate)  from  the  right  and  left  sides,  K,  K ; F,  the  windpipe;  I,  I,  veins  from  the 
head  and  neck  (jugular)  joining  the  subclavian  veins ; JI,  II,  carotid  arteries  • J,  J,  subclavian 
arteries ; P,  P,  ribs;  Ci,  coronary  artery ; R,  right  auricle  of  heart. 

by  folds  of  pleuni.  The  root  of  the  lung  is  formed  by  the 
bronchus  or  air-passage,  two  pulmonary  arteries,  and  two  pul- 
monary veins;  there  also  enter  at  the  root  the  nerves  and 
lymphatic  vessels  of  the  lung,  and  a numlier  of  lymphatic 
glands  (bronchial  glands)  are  also  disposed  around  it. 

Structure  of  the  Lung. — The  lung  is  of  a mottled-pink 
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colour  in  young  children,  but  in  adults  (and  especially  in  the 
dwellers  in  towns)  is  the  seat  of  extensive  deposit  of  black 
pigment.  The  lung  is  composed  of  a great  number  of  small 
lobules,  the  whole  of  which  are  almost  identical  in  structure, 
so  that  each  of  them  may  be  regarded  as  a lung  in  miniature. 
Each  lobule  has  for  its  root  or  stem  an  ultimate  branch  of  a 
bronchial  tube,  and  this,  on  entering  it,  opens  into  an  irregular 
passage,  the  intercellular  passage,  around  which  are  grouped 
a number  of  cavities,  the  air-cells  or  alveoli,  all  of  them  com- 

/ n 


Fig.  148. — Air-cells  of  the  Lung. 

I,  Terminal  air-passages  of  the  lung;  h,  bronchial  tube;  c,  c,  c,  air-cells;  7i,  A, 7i,  intercellular  passage. 

11,  Lobules  of  a lung ; a,  bronchial  tube ; h,  air-cells  (from  the  lungs  of  a newly-born  child). 

municating  freely  with  the  passage  and  through  it  with  the 
bronchus,  but  having  no  other  openings.  The  walls  of  the 
air-cells  are  of  extreme  thinness,  and  are  formed  by  connective 
tissue,  chiefly  of  the  elastic  variety;  they  have  ramifying  in 
them  an  elaborate  plexus  of  capillary  vessels,  by  means  of 
which  the  blood  carried  to  the  lungs  by  the  pulmonary  artery 
is  exposed  to  the  action  of  the  air  in  the  air-cells.  The  alveoli 
are  lined  by  a single  layer  of  thin  cells,  and  there  is  thus 
interposed  between  the  blood  and  the  air  only  these  cells  and 
those  forming  the  capillary  wall.  Each  lobule  has  a branch  of 
the  pulmonary  aiTery  entering  it,  and  a similar  radicle  of  the 
pulmonary  vein  leaving  it;  it  also  receives  lymphatic  vessels 
and  minute  twigs  of  the  pulmonary  plexus  of  nerves.  The 
lobules  are  joined  together  by  connective  tissue,  and  form  by 
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their  aggregation  the  lobes  of  the  lung;  on  their  free  surface 
(that  is  to  say,  where  they  are  not  in  contact  with  each  other) 
they  are  covered  by  pleura. 

The  Bronchial  tubes  are  composed  of  the  same  materials  as 
the  bronchi  and  trachea,  but  these  are  difterently  arranged. 
The  cartilages  are  in  the  form  of  plates  instead  of  rings,  but 
they  are  disposed  around  the  whole  circumference  of  the  tube, 
and  the  muscular  fibres  have  a similar  arrangement  within  the 
cartilages;  the  bronchial  tubes  are  consequently  cylindrical,  and 
not  flattened  posteriorly  like  the  trachea  and  l>ronchi.  The 
walls  of  the  intercellular  passages  and  air-cells  have  neither 
cartilage  nor  muscular  fibre  entering  into  their  composition. 

The  blood  is  brought  to  the  lungs  from  the  right  side  of  the 
heart  by  the  branches  of  the  pulmonary  artery;  these  termin- 
ate by  forming  the  capillary  plexus  in  the  walls  of  the  air-cells. 
From  the  same  plexus  the  radicles  of  the  pulmonary  veins 
originate,  and  carry  the  aerated  and  purified  blood  back  to  the 
left  side  of  the  heart  to  be  distributed  to  the  body  generally 

The  capillary  plexus  is  the  closest  and  most  elaborate  in 
the  body;  it  consists  for  the  most  part  of  a single  layer  of 
vessels,  so  disposed  in  the  wall  of  the  air-cell  that  it  is  exposed 
to  the  air  contained  in  two  contiguous  alveoli. 

The  lung  contains  a very  large  amount  of  elastic  tissue,  and 
the  act  of  breathing  out  the  air  in  respiration  (expiration)  takes 
place  mainly  by  its  contraction.  When  a lung  is  breaking  down 
from  disease — as,  for  instance,  in  the  formation  of  a cavity  in 
pulmonary  consumption — elastic  tissue  is  found  in  the  patient’s 
spit. 

Thymus  Body. — The  thymus  is  a peculiar  gland-like  mass 
situated  in  the  upper  part  of  the  chest  and  lower  part  of  the 
neck  in  children.  It  increases  in  size  till  the  child  is  two 
years  old,  remains  stationary  till  the  eighth  year,  then  gradu- 
ally diminishes  in  size,  and  by  the  age  of  thirty  or  forty  is 
scarcely  distinguishable.  Very  little  is  known  as  to  its  use  in 
the  animal  economy. 

Abdomen. — The  Abdominal  Cavity  or  belly  is  bounded 
above  by  the  diaphragm,  which  separates  it  from  the  chest; 


216 


ELEMENTARY  ANATOMY. 


s 

I 

4 

2 

i 

^ 1 
y 

...  'i 

3 t 

/'  \ 

f 1 ' 

y-  N. 

/. 

' \ 

i 

behind,  by  the  vertebral  column  and  some  of  the  muscles  of 
the  back;  below,  by  the  pelvis;  at  the  sides  and  in  front,  by 
the  abdominal  muscles,  lower  ribs,  costal  cartilages,  and 
xiphoid  cartilage  of  the  sternum.  It  contains  the  alimentary 

canal,  liver,  pancreas,  spleen,  kidneys, 
and  supra-renal  bodies. 

Regions  of  the  Abdomen. — For  con- 
venience of  description  of  the  viscera, 
and  of  reference  to  the  position  of  the 
several  organs  in  health  and  disease, 
the  cavity  of  the  abdomen  is  divided  into 
nine  districts  or  regions.  These  are 
marked  olf  by  two  vertical  and  two  hori- 
zontal lines.  The  vertical  lines  run  from 
the  cartilage  of  the  eighth  rib  on  each 
side  to  the  middle  of  the  groin;  the 
up])er  horizontal  line  runs  round  the 
abdomen  at  the  level  of  the  cartilages 
of  the  ninth  ribs,  and  the  lower  one  at 
the  highest  level  of  the  haunch-bones. 
The  three  regions  in  the  middle  line  of 
the  body  are  named,  the  upper,  the 
epigastric;  the  middle,  the  umbilical;  and  the  lower,  the 
hypogastric.  The  three  lateral  ones  are  named,  the  right  and 
left  hypochondriac  (under  the  cartilages  of  the  ribs),  the  right 
and  left  lumbar,  and  the  right  and  left  iliac  or  inguinal. 

The  viscera  found  in  each  of  these  regions  are  here  arranged 
in  tabular  form: — 


Fig.  1-19.— The  llegioiis  of  the 
Abdonien. 

c,  c,  Veitical  lines;  1,  epigastric 
region;  2,  umbilical;  3, hypo- 
gastric; 4,  right  hypochon- 
driac ; 6,  left  hypochondriac  ; 
t>,  right  lumbar;  7,  left  lum- 
bar; 8,  right  iliac;  9,  left  iliac. 


Right  Hypochondriac. 

Right  Lobe  of  Liver. 
Hepatic  Flexure  of 
Colon. 

Supra-renal  Body. 
Upper  end  of  Kidney. 


Epigastric. 

Left  and  part  of  right 
Lobe  of  Liver. 
Gall-bladder. 
Duodenum. 

Stomach. 

Pancreas. 

Part  of  Spleen. 

Part  of  both  Kidneys 


Left  Hypochondriac. 

Great  end  of  Stomach. 
Spleen. 

Tail  of  Pancreas. 
Splenic  Flexyre  of  Colon. 
Supra-renal  Body. 
Upper  end  of  Kidney. 


and  Supra-renal  Bodies. 
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Right  Lumbar. 
Ascending  Colon. 
Lower  part  of  Kidney. 
Small  Intestines. 


Right  Iliac. 

Caecum. 

yermiform  Appendix. 
Small  Intestines. 
Ureter. 


Umbilical. 

Omentum. 

Mesentery. 

Transverse  Colon. 
Duodenum. 

Small  Intestines. 

Part  of  both  Kidneys. 

Hypogastric. 

Small  Intestines  (Blad- 
der and  Womb 
when  enlarged). 


Left  Lumbar. 
Descending  Colon. 
Lower  part  of  Kidney. 
Small  Intestines. 


Left  Iliac. 
Sigmoid  Flexure. 
Small  Intestines. 
Ureter. 


Peritoneum. — The  abdominal  cavity  is  lined  by  a delicate 
serous  membrane  called  the  peritoneum.  Not  only  does  this 
form  a lining  for 
the  abdominal 
wall  in  front,  at 
the  sides,  above, 
below,  and  be- 
hind, it  also  en- 
velops, in  greater 
or  lesser  degree, 
all  the  viscera 
contained  in  the 
cavity,  and  forms 
folds  by  which 
they  are  con- 
nected with  each 
other,  or  are 
tethered  to  the 
posterior  wall. 

Its  arrangement 
is,  therefore,  ne- 
cessarily very  complicated;  a study  of  fig.  150  will  enable  the 
reader  to  appreciate  the  complexity,  and  may  give  some 
general  notion  of  the  purposes  the  membrane  serves. 

The  folds  of  peritoneum  receive  different  names  according 
to  their  position  and  uses,  being  called  ligaments,  mesenteries, 
and  omenta.  The  chief  peritoneal  ligaments  are:  (1)  those 


1,  First  piece  of  sacrum; 
2,  first  lumbar  verte- 
bra; 3,  dorsal  verte- 
bra? ; 4,  diaphragm ; 
5,  liver;  (i,  stomach; 

7,  transverse  colon ; 

8,  small  intestines ; 

9,  transverse  duo- 

denum; 10,  pancreas; 
11,  rectum;  12,vagina; 
13,  bladder;  14,  sym- 
physis pubis;  15,  gi'eat 
cavity  of  the  perito- 
neum ; 16,  lesser  cav- 
ity; 17,  reflection  of 
peritoneum  from  dia- 
phragm on  to  liver; 
18,  peritoneum  pa.ss- 
ing  from  liver  to 
stomach  and  forming 
lesser  omentum;  19, 
great  omentum ; 20, 
meso-colon;  21,  me- 
sentery ; 22,  recto- 
vaginal pouch ; 23, 

broad  ligament ; 24, 
superior  ligament  of 
bladder;  25,  coccyx. 
[Leidy.  I 


Fig.  150.— Vertical  Section  of  the  Abdomen,  showing  the 
llefiections  of  I’evitoneum. 
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which  sling  up  the  liver  to  the  under  surface  of  the  diaphragm; 
(2)  a baud  which  supports  the  spleen;  (3)  the  folds  covering 
the  back,  sides,  and  top  of  the  urinary  bladder;  and.  (4)  the 
layers  of  peritoneum  clothing  the  womb  in  front  and  behind, 
and  passing  off  from  it  to  the  pelvic  wall  on  each  side;  these 
are  called  the  broad  ligaments  of  the  uterus. 

The  Mesenteries  are  double  folds  of  peritoneum  connected 
by  one  edge  to  the  intestine,  and  fixed  by  the  other  to  the 
posterior  wall  of  the  abdomen;  they  thus  serve  to  tether 
the  bowel  to  that  wall,  while  at  the  same  time  they  allow  of 
considerable  movement  of  it  in  certain  directions  and  within 
certain  limits.  The  fold  connected  with  the  small  intestine 
forms  the  mesentery  proper,  the  others  being  named  from  the 
part  of  the  bowel  they  are  attached  to — meso-colon,  meso- 
C8ecum,  meso-rectum,  meso-sigmoid,  and  the  like.  The 
mesentery  is  shaped  like  a gigantic  fan,  the  wide  border  of  it 
(which  is  attached  to  the  bowel)  measuring  about  twenty  feet, 
and  the  narrow  one  not  more  than  fifteen  inches;  it  is  neces- 
sarily not  spread  out,  but  thrown  into  folds,  the  arrangement 
of  which  varies  as  the  bowels  constantly  move  on  each  other. 
It  contains  l)etween  the  two  peritoneal  layers  the  mesenteric 
arteries  passing  to  the  small  intestine,  the  veins  leaving  it, 
the  lacteal  or  lymphatic  vessels  for  carrying  into  the  blood  the 
products  of  digestion  (see  fig.  105,  p.  145),  the  mesenteric  lymphatic 
glands^  the  nerves  passing  to  the  intestines,  and  a considerable 
quantity  of  fat. 

The  Omenta  are  so  called  because  of  the  large  amount  of 
fat  they  contain.  The  small  omentum  connects  the  upper 
border  of  the  stomach  with  the  under  surface  of  the  liver. 
The  great  omentum  (the  leaf,  or  caul)  hangs  down  from  the 
lower  border  of  the  stomach  and  forms  a large  sheet,  in  most, 
cases  covering  the  small  intestine,  and  extending  to  the  lower 
part  of  the  abdominal  cavity;  it  consists  in  greater  ]mrt  of  its 
extent  of  four  layers  of  peritoneum,  and  is  loaded  with  fat 
for  the  protection  of  the  delicate  bowels  from  the  effects  of 
external  cold.  The  great  omentum  forms  a component  of  all 
large  and  old-standing  hernias  {rupturei),  and  indeed  in  such 
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conditions  may  constitute  the  greater  part  of  the  tumour.  In 
all  ruptures  the  peritoneum  is  carried  down  with  the  bowel  or 
omentum  and  forms  the  hernial  sac. 

The  Peritoneal  Cavity  is  a completely  closed  sac  in  the 
male,  but  in  the  female  it  is  in  communication  with  the  cavity 
of  the  uterus,  by  means  of  the  open  end  of  the  Fallojhan  tubes 
or  oviducts.  In  the  male  a portion  of  the  peritoneum  is  carried 
down  by  the  testicle  in  its  descent,  l)ut  soon  becomes  com- 


Fig.  151.— Transverse  Section  of  the  Abdomen  passing  through  the  Middle  of  the  Stomach. 

The  arrow  passes  from  the  greater  to  the  lesser  cavity  of  the  peritoneum.  [Wilson.] 

S,  Stomach;  P,  pancreas;  Sp,  spleen;  K,  kidney;  V,  vertebra;  A,  aorta. 

pletely  shut  off  from  its  connection  with  that  lining  the 
abdominal  cavity.  This  portion  covers  the  front  and  sides  of 
the  testicle,  where  it  lies  in  the  scrotum,  and  is  called  the 
tunica  vaginalis  testis;  it  forms  a completely  shut  sac  in  which 
not  unfrequently  fluid  accumulates,  such  a collection  of  fluid 
being  knowm  as  a hydrocele. 

A reference  to  fig.  151  will  show  that  some  of  the  viscera  are 
covered  by  peritoneum  only  on  their  front  surface,  Avhile 
others  are  completely  surrounded  by  it;  such  an  organ  as  the 
kidney,  for  instance,  being  only  covered  in  front,  can  be 
removed  from  the  body  (and  the  0})eration  is  occasionally 
done)  without  disturbing  the  ])eritoneum,  but  this  is  iinpossil)le 
wuth  the  stomach  or  the  small  bowel. 
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The  peritoneum,  when  in  health,  secretes  only  sufficient 
fluid  to  keep  its  surface  lubricated,  so  that  the  bowels  may 
move  freely  and  smoothly  on  each  other  and  on  the  other 
viscera.  In  disease  the  fluid  increases  in  amount,  and  the 
abdominal  cavity  may  become  greatly  distended ; this  condition 
is  known  as  ascites  or  dropsy. 

The  Alimentary  Canal. — The  Alimentary  Canal  or  food 
passage  is  a tube  formed  of  mucous  membrane  and  muscular 
fibre,  and  extends  from  the  mouth  to  the  anus.  In  the 
different  parts  of  its  course  it  receives  different  names,  these 
being,  in  order  from  above  downwards  as  follows: — 

Mouch. 

Pharynx  or  food-bag. 

(Esophagus  or  gullet. 

Stomach. 

i Duodenum. 

Small  Bowel,  < Jejunum. 

( Ileum. 

! Caecum. 

Colon. 

Itectum. 


The  Mouth  is  a cavity  formed  by  the  lips  in  front,  cheeks  at 
the  sides,  tongue  below,  and  palate  above.  The  palate  or  roof 
of  the  mouth  is,  in  the  front  part,  formed  by  bone  covered  by 
mucous  membrane  (this  being  called  the  hard  palate),  and 
behind  by  a soft  curtain  formed  of  muscles  and  mucous  mem- 
brane (the  soft  palate),  hanging  in  an  arched  manner  from  the 
back  of  the  former.  The  bones  contrilmting  to  the  formation 
of  the  hard  palate  are  the  palate  processes  of  the  two  palate 
bones  and  the  two  upper  jaws.  The  soft  palate  has,  depend- 
ent from  the  middle  of  its  free  edge,  a little  lobe,  the  uvula, 
containing  in  its  interior  a small  muscle  by  which  it  can  be 
shortened.  The  hard  and  soft  palate  form  the  roof  of  the 
mouth  and  the  floor  of  the  nose.  In  the  congenital  condition 
known  as  cleft  palate  this  septum  is  incomplete,  a slit  being- 
left  through  which  the  nose  and  mouth  communicate  ; this 
accounts  for  the  nasal  speech  of  such  patients.  The  opening 
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between  the  soft  palate  and  the  tongue  leading  into  the 
pharynx  is  called  the  fauces,  oi‘  isthmus  of  the  fauces. 
Passing  down  on  each  side  are  two  folds  of  nmcous  membrane, 
the  pillars  of  the  fauces;  they  originate  in  common  from  the 
edge  of  the  soft  palate,  but  separate  as  they  descend,  the  one 
passing  to  the  tongue,  the  other  to  the  pharynx.  In  the 
space  formed  by  the  diver- 
gence of  the  pillars  of  the 
fauces  on  each  side  is  the 
tonsil,  formed  mainly  of  lym- 
tissue,  and  covered  by 
a mucous  membrane  in  which 
are  large  mucous  cavities  or 
crypts. 

The  mucous  membrane  of 
the  soft  and  hard  palate  is 
endowed  with  the  sense  of 
taste;  it  has  in  its  structure 
many  small  glands  for  the 
secretion  of  mucus.  Similar 
glands  are  found  in  the  mucous 
membrane  lining  the  cheeks 
and  lips  (labial  glands). 

The  Teeth  are  imbedded  in 
sockets  in  the  alveolar  pro- 
cesses of  the  upper  and  lower 
jaw.  There  are  two  sets  of 
teeth  or  successions  as  they  are  called,  the  one  being  cut  (or 
erupted)  in  the  first  two  years  of  life,  and  the  second  from  the 
sixth  to  the  twentieth  year.  The  former  are  known  as  the 
milk  teeth  or  temporary  teeth,  the  latter  as  the  permanent  teeth. 
Each  tooth  consists  of  a crown,  projecting  above  the  gum,  and 
one  or  more  fangs  or  roots,  buried  in  the  sockets  in  the  jaw;  the 
constricted  part  marking  the  union  of  these  })arts  being  known 
as  the  neck.  They  differ  in  form  from  one  anotlier,  and  have 
different  names  according  to  their  shape  and  use.  Thus,  in 
the  adult,  the  four  central  teeth  have  sharp,  chisel-like  edges 


Fig.  152.— Section  showing  !Mouth  and  Xusiil 
Cavities,  Gullet,  Windpii>e,  &c. 


t,  tongue ; ph,  pharjnix ; ep,  epiglottis ; g,  gullet ; 
w,  windpipe ; n,  one  of  the  turbinated  bones  of 
the  nose ; a,  hard  pal.ate ; h,  soft  palate ; c,  roof 
of  mouth ; w,  uvula. 


222 


ELEMENTARY  ANATOMY. 


to  the  crowns,  and  hence  are  called  incisors.  Next  to  these 
on  each  side  is  a pointed  tooth  with  a very  long  fang,  which, 
from  its  being  especially  prominent  and  large  in  the  dog  and 
his  congeners,  is  called  the  canine  or  dog  tooth.  Then  follow 
on  each  side  two  teeth  called  bicuspid  from  the  fact  that 
their  crowns  are  marked  by  two  points  or  cusps;  they  often 

have  double  fangs.  Lastly,  there  are 
on  each  side  three  molar  teeth  or 
grinders,  with  four  or  five  points  to 
the  surface  of  each  crown;  the  lower 
teeth  have  two  fangs,  and  the  upper 
three.  The  last  molar  is  called  the 
wisdom  tooth,  because  not  usually  cut 
till  the  person  has  reached  “ years  of 
discretion”.  It  is  smaller  than  the 
others,  is  very  firmly  wedged  in,  and 
has  usually  only  two  fangs  both  in  the 
u})per  and  lower  jaw. 

The  Temporary  teeth  are  only 
twenty  in  number,  there  being  no  bi- 
cuspids and  only  two  molars  on  each 
side,  above,  and  below.  The  per- 
manent teeth  are  thirtv-two  in  number, 
sixteen  in  each  jaw.  The  following- 
table  shows  the  position  of  the  teeth,  relative  to  each  other, 
in  each  set,  and  the  relation  of  those  of  the  temporary  to  those 
of  the  permanent  series: — 

Temporary  teeth  | 


Fig.  Structure  of  Tooth 
(magnified). 

o,  enamel ; 6,  dentine ; c,  cement ; 
d,  gum ; e,  alveolar  process  of 
jaw;  /,  pulp  cavity. 


Upper 

Mo. 

2 

Ca. 

1 

In. 

2 

In. 

2 

Ca. 

1 

Mo. 

Lower 

2 

1 

2 

2 

1 

2 = 10 

Mo. 

Bi. 

Ca. 

In. 

In. 

Ca. 

Bi.  Mo. 

Upper 

3 

2 

1 

2 

2 

1 

2 3 =16 

Lower 

3 

2 

1 

2 

2 

1 

2 3 =16 

-^2 


The  upright  line  indicates  the  middle  of  the  jaw. 

The  temporary  teeth  usually  appear  at  the  following  dates 


Mo.  Ca.  In. 

Months  24,  12.  18.  9,  7. 
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The  first  to  be  cut  are  generally  the  central  incisors  of  the 
lower  jaw,  then  the  corresponding  teeth  of  the  upper,  next  the 
lateral  incisors  of  the  u])per  and  then  the  lateral  of  the  lower. 
The  period  and  order  of  eruption  is,  however,  lial)le  to  great 
variation,  and  teething  is  especially  late  in  children  affected 
Avith  rickets. 

The  Permanent  teeth  are  cut  at  the  folloAving  dates  in  most 
instances : — 

Molars,  first,  6 years. 

Incisors,  7 to  8 „ 

Canines,  11  to  12  „ 

Bicuspids,  9 to  10  „ 

Molars,  second,  12  to  13  „ 

„ third,  17  to  25  „ 

The  first  permanent  tooth  is  often  spoken  of  as  the  “ six- 
year-old  molar”;  it  is  the  first  to  come,  and  is  very  commonly 
the  first  to  show  signs  of  decay. 

Structure  of  Teeth. — Fig.  153  represents  a vertical  section 
of  a tooth  carried  through  its  centre.  The  interior  will  be 
observed  to  be  hollowed  out  into  a cavity — the  pulp  cavity, 
which  is  filled  up  by  the  dental  pulp,  a delicate  connective 
tissue  supporting  blood-vessels  and  nerve-endings,  the  latter 
entering  by  means  of  a small  opening  at  the  apex  of  the  fang. 
The  bulk  of  the  tooth  is  formed  by  dentine  or  tooth-ivory 
traversed  by  fine  branching  tubes,  the  dentinal  tubes,  occu- 
pied by  threads  of  protoplasm  continuous  with  that  of  the 
pul}).  Covering  the  fang  is  a substance  closely  resembling 
bone  named  cement  or  crusta  petrosa;  it  only  differs  from 
true  bone  in  having  no  Haversian  canals.  The  croAvn  of  the 
tooth  is  formed  by  the  enamel,  a tissue  much  Avdiiter,  harder, 
and  more  brittle  than  the  other  two;  it  is  formed  of  closely-set 
prisms  of  dense  material  composed  mainly  of  earthy  salts  and 
only  3J  }3er  cent  of  animal  matter.  When  the  teeth  are  first 
cut  the  enamel  is  covered  by  a delicate  membrane,  the  cuticle 
of  the  enamel,  or  skin  of  the  teeth ; this  is  soon  Avorn  aAA^ay  by 
attrition.  The  teeth  are  held  in  their  sockets  by  means  of  a 
fibrous  membrane,  the  periodontal  membrane,  lying  betAveen 
the  Avail  of  the  cavity  and  the  cement  of  the  fang. 
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The  Tongue  has  been  already  described  (p.  188). 

The  Salivary  glands,  for  the  secretion  of  the  saliva  or  spittle, 
are  three  in  number  on  each  side — the  parotid,  suhmaxillary,  and 
siihlingual. 

The  Parotid  gland  is  placed  at  the  side  of  the  face,  in  front 
of,  and  a little  below  the  ear.  Its  deep  portion  passes  behind 
the  jaw  into  the  glenoid  fossa  of  the  temporal  bone;  its  super- 
ficial part  overlaps  the  jaw,  and 
extends  for  about  an  inch  in  front 
of  the  ear.  From  its  anterior  edge 
there  issues  a duct  called  Stenson’s 
duct,  which  serves  to  carry  the 
secretion  of  the  gland  into  the 
mouth.  The  duct  passes  through 
the  cheek,  and  opens  opposite  the 
second  molar  tooth  of  the  upper 
jaw.  Its  course  may  be  indicated 
by  a line  drawn  from  the  middle 
of  the  lobule  of  the  ear  to  the 
middle  of  the  upper  lip.  The 
gland  is  covered  by  a strong  and 
thick  layer  of  fascia  attached 
above  to  the  zygoma,  hence  its 
presence  on  the  side  of  the  face  is 
not  distinguishable  unless  when  it  is  inflamed.  In  the  affec- 
tion known  as  “mumps”  this  gland  is  swollen,  and  the  pain  then 
experienced  results  from  the  inflamed  tissue  being  thus  firmly 
bound  down. 

The  parotid  gland  is  traversed  by  the  branches  of  the  facial 
nerve,  and  by  the  external  carotid  artery,  the  temporo-maxil- 
lary  vein,  and  their  branches;  the  internal  carotid  artery  lies 
on  its  inner  surface. 

The  Submaxillary  gland  is  placed  (as  its  name  indicates) 
beneath  the  jaw,  near  to  the  angle  of  that  bone.  It  lies  for 
the  most  part  below  the  mylo-hyoid  muscle,  but  a small  portion 
lies  above  that  muscle.  Its  duct,  called  Wharton’s  duct,  opens 
on  to  a little  papilla  in  the  mucous  membrane  of  the  floor  of 


Fig.  154.— The  Salivary  GlamU. 

PP',  Parotid;  sm,  submaxillary.  d is 
placed  below  the  duct  of  the  parotid. 
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the  mouth,  close  to  the  freiium  of  the  tongue.  The  gland  has 
the  facial  artery  imbedded  in  its  substance. 

The  Sublingual  gland  lies  in  the  curve  of  the  body  of  the 
lower  jaw,  above  the  mylo-hyoid  muscle,  and  immediately 
beneath  the  mucous  membrane  lining  the  floor  of  the  mouth. 
Its  ducts  are  numerous  and  small;  some  of  them  open  into 
Wharton’s  duct  and  others  by  small  openings  around  the 
pa})illa  on  which  that  duct  terminates. 

The  Salivary  glands  are  all  of  the  racemose  variety,  a 
description  of  which  has  lieen  given  on  a previous  page  (p.  30). 
They  are  copiously  supplied  with  blood-vessels  derived  from 
branches  of  the  external  carotid  artery,  and  l)y  nerve  twigs 
from  the  fifth  cranial  nerve,  the  cervical  plexus,  and  the  sym- 
pathetic. The  nerves  regulate  the  activity  of  the  gland  and 
affect  the  secretion  of  saliva. 

The  Pharynx.  -The  pharynx  or  food-bag  is  the  upper  end 
of  the  alimentary  canal.  It  is  4-|  inches  in  length,  and  is 
attached  above  to  the  base  of  the  skull,  and  terminates  below 
in  the  commencement  of  the  gullet  or  oesophagus,  opposite  the 
upper  border  of  the  body  of  the  sixth  cervical  vertebra.  It 
passes  up  behind  the  nasal  cavities,  and  terminates  aI)ove  in  a 
cul-de-sac  at  the  base  of  the  skull. 

The  pharynx  is  widest  opposite  the  hyoid  bone,  and  nar- 
rowest at  its  termination.  There  are  seven  openings  into  it, 
namely  the  following  : — 

Nose, — Two  Posterior  Nares. 

Mouth, — Fauces. 

Eustachian  Tubes  (2). 

Larynx  or  Voice-box. 

(Esophagus  or  Gullet. 

The  Posterior  Nares  are  the  openings  of  communication 
between  the  nasal  cavities  and  the  i)harynx.  Each  measures 
about  three-quarters  of  an  inch  in  height  by  al)out  half  an  inch 
in  width,  and  it  is  necessary  to  bear  in  mind  these  dimensions 
in  plugging  the  posterior  nares  to  check  bleeding  from  the 
nose. 

The  Fauces  have  been  already  described  (p.  221). 

(M24)  i* 


226 


ELEMENTARY  ANATOMY. 


The  Eustachian  Tubes  are  the  communications  between  the 
pharynx  and  the  cavity  of  the  middle  ear.  Their  expanded 
ends  lie  behind  and  a little  below  the  extremities  of  the  lower 
turbinated  bones.  They  are  covered  by  a thick  mucous  mem- 
brane, and  at  their  entrance  into  the  pharynx  there  is  a little 
depression  or  fossa.  A properly-shaped  catheter  introduced 
along  the  floor  of  the  nose  can  easily  be  made  to  enter  the 
cavity  of  the  Eustachian  tube,  and  in  this  way  air  can  be 
forced  into  the  tympanic  cavity,  or  the  canal  can  be  dilated 
when  it  has  undergone  contraction. 

The  other  openings  into  the  pharynx  do  not  call  for  special 
description  here. 

The  pharynx  is  composed  of  the  three  constrictor  muscles 
described  on  a previous  page  (p.  84),  of  fibrous  bands,  and 
a layer  of  strong  fascia,  and  is  lined  by  a thick  mucous  mem- 
brane in  Avhich  there  are  numerous  racemose  glands,  and  masses 
of  lymj)hoid  tissue.  The  latter  tissue  undergoes  considerable 
increase  in  disease,  and  forms  one  of  the  most  troublesome 
and  intractable  forms  of  sore  throat;  the  masses  thus  formed 
being  now  generally  known  as  adenoid  vegetations.  The  pharynx 
has  a free  supply  of  Ifiood-vessels  and  nerves,  the  lattei*  being 
derived  from  the  vagus,  glosso-pharyngeal  and  sympathetic 
nerves. 

The  Gullet  or  (Esophag’US. — This  is  a musculo-mem- 
branous  tube  extending  from  the  pharynx  to  the  stomach,  and 
serving  for  the  conveyance  of  food.  It  is  not  by  any  means 
straight,  but  has  an  antero-posterior  bend  at  the  upper  part  of 
the  chest,  corresponding  with  the  curve  of  the  vertebral  column, 
and  a slight  deviation  to  the  left  in  the  lower  part  of  the  neck, 
and  again,  just  as  it  passes  through  the  diaphragm  to  enter  the 
stomach.  It  is  about  nine  or  ten  inches  in  length,  commencing 
at  the  level  of  the  bodv  of  the  sixth  cervical  vertebra,  and  ter- 
minating  at  that  of  the  tenth  dorsal. 

In  its  course  the  gullet  lies  first  behind  the  trachea,  then 
descends  behind  the  arch  of  the  aorta  in  the  chest,  runs  behind 
the  left  bronchus  and  in  front  of  the  thoracic  aorta  to  the  dia- 
phragm; piercing  this  it  ends  in  the  uj)per  jjartof  the  stomach. 
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When  food  is  not  passing  the  canal  is  closed,  and  the  lining 
membrane  is  thrown  into  longitudinal  folds. 

In  structure  the  gullet  is  formed  extei’nally  of  circular  and 
longitudinal  muscular  fibres,  these  being  of  the  striped  variety 
in  the  upper  part  of  the  tube  but  unstriped  in  the  lower.  Next 
to  the  muscular  coat  is 
a loose  submucous  coat 
formed  of  areolar  and 
elastic  tissue.  Within 
this  is  a thick  and  firm 
mucous  membrane,  lin- 
ing the  canal.  It  is 
studded  over  by  a num- 
ber of  fine  papillae,  is 
covered  by  a stratified 
epithelium,  and  has 
opening  on  to  its  sur- 
face numerous  racemose 
glands. 

The  Stomach.— The 
stomach  is  an  expan- 
sion of  the  alimentary 
canal,  placed  in  the 
upper  part  of  the  abdo- 
minal cavity.  It  is 
mainly  situated  in  the 
left  hypochondriac  re- 
gion, but  also  occupies 
the  epigastric  region. 

The  hypochondriac  part 
forms  three-fourths  of  the  organ,  and  its  long  axis  is  vertical 
in  the  erect  posture  of  the  body;  the  epigastric  part  forms  the 
remaining  fourth,  has  its  axis  transversely  directed,  and  lies 
about  three  fingers’  breadth  below  the  ensiform  cartilage.  The 
stomach  is  cone-shaped,  with  its  great  end  directed  upwards  and 
to  the  right  and  its  lesser  end  downwards  and  to  the  left.  It 
is  divided  into  a middle  part  or  body,  a greater  or  splenic  end 


Fig.  165. — The  Contents  of  Chest  and  Abdomen  shown  in 
their  Positions. 

A,  heart;  B,  B,  lungs;  C,  diaphragm;  I),  liver;  E,  gall- 
bladder; F,  stomach;  G,  coils  of  small  intestine;  II. 
transverse  part  of  colon. 
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(fundus),  a lesser  or  pyloric  end;  it  has  a lesser  curvature  above, 
a greater  curvature  below;  an  anterior  and  a posterior  surface; 
a cardiac  orifice  and  a pyloric  orifice.  The  fundus  is  the 
most  expanded  part,  and  has  the  spleen  lying  in  contact  with 
it.  The  pylorus  is  an  annular  contraction  where  the  stomach 
ends  and  the  small  bowel  begins.  It  is  marked  by  an  increase 

of  the  circular  muscular  fibres  forming 
a circular  valve  oi*  sphincter  (pyloric 
valve).  “It  would  be  pierced  when 
the  stomach  is  empty  by  a needle  pass- 
ina:  throimh  the  abdominal  wall  five 
centimetres  below  the  junction  of  the 
seventh  right  costal  cartilage  with  the 
sternum”  (A.  McAlister). 


Fiff.  156.— The  Mucous  Membrane  of  the  Stomach,  highly  magnified. 


s points  to  the  surface,  g to  one  of  the  tubular  glands,  of  which  a indicates  the  central  canal. 
A is  a much  more  hig-hly  magnified  view  of  one  gland,  which  is  represented  as  giving  off 
branches.  It  shows  the  columnar  epithelium  of  the  surface  dipping  down  into  the  duct  d of 
the  gland,  from  which  two  tubes  branch  off.  Each  tube  is  lined  with  columnar  cells,  and  there 
is  a minute  central  passage.  Here  and  there  are  seen  other  special  cells,  called  parietal  cells, 
which  are  supposed  to  produce  the  acid  of  the  gastric  juice. 


The  upper  or  lesser  curvature  of  the  stomach  is  connected 
to  the  liver  by  means  of  the  lesser  omentum,  and  from  the 
lower  or  greater  curvature  the  great  omentum  depends.  AYhen 
the  stomach  is  empty  only  a small  portion  is  in  contact  with 
the  anterior  abdominal  wall,  but  when  much  distended  a very 
large  area  is  presented  to  the  wall. 

The  stomach  is  held  in  place  by  its  connection  with  the 
gullet,  and  through  its  means  with  the  diaphragm.  By  its  upper 
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liorder  it  is  loosely  connected  with  the  liver  by  the  lesser 
omentum;  its  lower  border  is  held  in  connection  with  the  large 
bowel  by  means  of  the  great  omentum.  The  pyloric  end  is 
fixed  by  the  .small  bowel  being  attached  to  the  posterior 
abdominal  wall. 

When  moderately  full  it  is  capable  of  holding  from  five  to 
ten  pints  of  fluid. 

Structure.  -The  stomach  is  covered  externally  by  the  serous 
membrane  of  the  abdomen — the  peritoneum.  This  entirely 
envelops  it,  excepting  where  the  vessels  and  nerves  enter 
along  its  upper  and  lower  border,  and  a small  portion  at  the 
back.  Next  to  this  coat  are  three  layers  of  unstriped  muscular 
fibre;  the  outer,  arranged  longitudinally,  and  best  developed 
along  the  two  curvatures;  the  middle,  circular  and  best  seen 
towards  the  pyloric  end;  and  the  inner  fibres,  oblique  and 
restricted  to  the  great  end.  The  next  coat  is  composed  of  loose 
areolar  tissue — the  submucous  tissue — in  which  the  vessels  and 
nerves  break  up  into  branches,  and  where  the  chief  lymphatic 
vessels  are  distributed.  Lastly,  there  is  the  mucous  coat,  the 
most  important  of  them  all  because  it  contains  the  glands  for 
the  secretion  of  the  gastric  juice.  The  mucous  membrane  is 
redder  and  softer  than  that  of  the  gullet.  When  the  stomach 
is  empty  it  is  thrown  into  longitudinal  folds  or  rugae,  but 
these  are  obliterated  when  it  is  distended.  It  is  a compara- 
tively thick  membrane,  the  thickness  resulting  fi-om  the  large 
number  of  glands  contained  in  its  substance.  The.se  are  of  two 
kinds,^ — simple  or  mucous  glands  similar  to  those  found  in  the 
gullet  and  elsewhere,  and  peptic  or  gastric  glands,  for  the 
secretion  of  the  gastric  juice.  The  simple  or  mucous  glands 
are  lined  by  a single  layer  of  columnar  epithelial  cells,  similar 
to  those  covering  the  surface  of  the  mucous  membrane.  The 
peptic  glands  are  lined  in  their  upper  })art  (throat  or  neck)  hy 
the  same  kind  of  cells,  but  in  the  lower  or  deeper  part  the 
cells  are  spheroidal,  have  a large  and  distinct  nucleus,  and  their 
protoplasm  is  granular.  These  deeper  cells  are  called  the 
parietal  or  oxyntic  cells. 

Of  the  two  openings  into  the  stomach  the  upper  is  called 
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cardiac  (because  placed  near  the  region  of  the  heart),  is  directed 
upwards,  has  no  special  valvular  arrangement,  ^nd  is  so  dilat- 
able that  large  bodies  are  often  passed  through  it.  The  other, 
or  pyloric,  opening  is  at  the  outlet  from  the  stomach;  it  is 
guarded  by  a circular  band  of  fibres — the  pyloric  valve — is 
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Fig.  157.— The  Alimentary  Cana 

a.  The  gullet,  or  oesophagus. 
h,  The  stomach. 

c,  The  pylorus,  the  small  end  of  the 
stomach  where  it  opens  into 
the  first  part  of  the  small  in- 
testine. 

dd,  The  duodenum  or  commence- 
ment of  the  small  intestine. 
eee,  The  second  part  of  the  small 
intestine,  called  the  jejunum. 
////>  Tlie  third  and  terminal  por- 
tion of  the  small  intestine, 
termed  the  ileum. 

g.  The  cmcum. 

h.  A round  wormlike  process  of  the 

caecum,  Avhich  is  termed  the 
vermiform  appendix. 

i.  The  fii'st  portion  of  the  large  in- 

testine, called  the  ascending 
colon. 

K,  The  transverse  colon. 

l,  The  descending  colon. 

m,  The  sigmoid  flexure  of  the  colon. 

n,  The  rectum. 


directed  backwards  and  slightly  downwards,  and  is  not  capable 
of  much  dilatation. 

The  stomach  obtains  a very  free  blood  supply  from  the 
branches  of  the  splenic,  gastric,  and  hepatic  arteries;  its  nerves 
come  from  the  vagus  and  sympathetic  nerves. 

Small  Intestine. — The  small  intestine  is  continuous  with 
the  pyloric  end  of  the  stomach;  it  is  about  twenty  to  twenty- 
five  feet  in  length,  and  terminates  liy  opening  into  the  large 
bowel  in  the  right  iliac  region.  At  its  commencement  its 
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cavity  is  separated  from  that  of  the  stomach  by  a projection 
due  to  the  thick  annular  band  of  muscular  fibres  forming  the 
pyloric  valve.  In  life  this  is  capable  of  completely  closing  the 
lower  outlet  of  the  stomach,  but  is  relaxed  from  time  to  time 
dining  the  process  of  digestion  to  allow  the  contents  of  the 
stomach  to  pass  into  the  small  intestine. 

The  small  bowel  is  divided  into  three  parts,  the  duodenum, 
jejitnum,  and  ileum. 

The  Duodenum  is  about  eight  to  ten  inches  in  length.  It  is 
the  most  fixed  part  of 
the  small  bowel,  being 
in  the  lower  two-thirds 
of  its  extent  covered 
only  in  front  by  peri- 
toneum, and  conse- 
quently bound  down  by 
it  to  the  posterior  abdo- 
minal wall.  The  duo- 
denum forms  a horse- 
shoe curve  around  the 
right  side  of  the  head 
of  the  pancreas,  and  has 
entering  into  it,  about 
its  middle,  the  common 
bile  duct  (carrying  the 
bile  from  the  liver  and  gall-bladder)  and  the  duct  of  the  pancreas 
or  siveet-bread. 

The  Jejunum  forms  two-fifths  of  the  small  intestine,  and  is 
generally  found  empty  after  death;  hence  its  name,  from  Lat. 
jejunus,  empty.  It  has  very  thick  walls,  is  attached  through- 
out its  entire  extent  to  the  posterior  wall  of  the  abdomen  by 
the  double  fold  of  peritoneum,  already  descrilied  as  the 
mesentery,  and  is  situated  chiefly  in  the  umbilical  and  iliac 
regions. 

The  Ileum  (Gk.  eiled,  I twist)  forms  the  remaining  three- 
fifths  of  the  small  bowel.  It  is  thinner  and  paler  than  the 
jejunum,  and  lies  for  the  most  part  in  the  umbilical  and  hypo- 


rig.  158.— Relations  of  the  Stomach  to  the  Liver, 
Paucrciia,  and  Spleen. 

S.  Stomach;  p,  pylorus;  o,  oesophagus  ending  in  the 
stomach;  d,  duodenum;  L,  liver;  g,  gall-bladder;  h, 
head  of  the  pancreas;  t,  tail  of  the  pancreas;  / is  placed 
beside  the  union  of  the  duct  from  tlie  liver  and  that 
from  the  gall-bladder ; Sp,  spleen ; v,  the  part  where  the 
blood-vessels  are  connected  to  the  spleen;  n and  n, 
blood-vessels. 
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gastric  regions.  It  terminates  in  the  right  iliac  region,  where 
it  o})ens  into  the  large  l)owel. 

Although  the  small  bowel  is  thus  divided,  for  the  convenience 
of  description,  into  three  ]mrts,  they  are  continuous,  and  there 
is  no  mark  to  indicate  where  the  one  ends  and  the  other  begins. 

Structure  of  the  Small  Intestine.  -Like  the  stomach  the 
small  bowel  has  four  coats,  the  serous,  m'uscular,  submucous,  and 

mucous. 

The  Serous  coat,  formed  by  the 

bowel,  excepting  in  the  lower  two- 
thirds  of  the  duodenum,  where  it 
only  covers  the  front  surface. 

The  Muscular  coat  is  composed 
of  two  layers  of  unstriped  muscular 
fil^res,  those  of  the  outer  layer  being 
longitudinal  and  those  of  the  inner 
circular. 

The  Submucous  coat  is  composed 
of  areolar  and  elastic  tissue  and  forms 
a loose  layer  in  which  the  blood-ves- 
sels, nerves,  and  lymphatics  are  dis- 
tributed. 

The  Mucous  membrane  of  the 
small  bowel  is  thinner  than  that  of 
the  stomach;  it  is  smooth  in  the  upper  part  of  the  duodenum 
(above  the  opening  of  the  biliary  and  pancreatic  ducts'),  but 
below  is  raised  into  crescentic  folds,  the  valvulae  conniventes 
or  valves  of  Kerkring.  These  folds  are  continued  through  the 
jejunum  (where  they  are  especially  large  and  well-developed) 
into  the  ileum  ; here  they  gradually  get  smaller  and  less 
numerous,  till  they  altogether  disappear  at  the  lower  third 
of  the  ileum,  l)elow  which  the  mucous  membrane  is  again 
smooth.  The  valvulae  conniventes  differ  from  the  rugae  of  the 
stomach  in  not  being  obliterated  when  the  wall  of  the  bowel 
is  put  on  the  stretch.  They  are  supposed  to  serve  two  pur- 
poses, namely,  to  increase  the  extent  of  the  surface  of  the 


peritoneum,  completely  surrounds  the 


Fig.  159.— Jlicroscopical  Structure 
of  the  Small  Intestine. 


a.  Villi ; h,  glands  of  Lieherkiilm ; c, 
submucous  layer ; d,  inner  muscular 
layer ; e,  outer  muscular  layer. 


viscp:ra  of  tuf  j’.ody. 
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])0\yel,  and  secondly,  to  delay  nieclianically  the  progress  of  the 
intestinal  How. 

The  mucous  membrane  of  the  small  bowel  presents  through- 
out a velvety  appearance,  and  if  a small  portion  of  it  be 
floated  in  water,  it  is  seen  to  be  studded  over  by  a great 


multitude  of  minute  projections,  not  unlike  the  pile  of  velvet. 
These  projections  are  called  villi.  When  a villus  is  examined 
under  the  microscope,  it  is  found  to  be  composed  of  the  difierent 
structures  represented  in  fig.  160.  The  mass  of  the  villus  is 
formed  of  adenoid  tissue,  in  which  is  a fine 
ca})illary  plexus,  derived  from  a small  artery 
and  terminating  in  a small  vein.  In  the 
centre  of  the  villus  is  a large  lymphatic 
vessel  ending  in  a blind  extremity;  this  is 
the  beginning  of  a lacteal,  so  called  because 
during  digestion  it  carries  a milk  hnid  (Lat. 
lac,  milk)  resulting  from  the  digestion  of 
the  food.  The  surface  of  the  projection  is 
covered  by  a single  layer  of  columnar  epi- 
thelial cells,  in  which,  here  and  there,  may 
be  seen  one  distended  with  mucus  and  called 
(johlet-cell  Buried  in  the  deeper  part  of 
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Fig.  160.— A Villus  of 
the  Small  Intestine, 
largely  magnified. 


a 


a,  columnar  cells;  e, 
gohlet  cell,  modified 
columnar;  h,  c,  )>lood- 
vessels ; d,  a lacteal. 


the  mucous  membrane  are  a large  number 
of  simple  follicular  glands,  the  glands  of  Lie- 
berkiihn,  lined  with  columnar  cells,  and  opening  at  the  bases 
of  the  villi.  Throughout  its  entire  extent  the  mucous  mem- 
brane of  the  small  boAvel  is  covered  by  a single  layer  of  colum- 
nar epithelial  cells. 

In  the  upper  part  of  the  duodenum  small  racemose  glands 
are  found.  They  are  placed  in  the  submucous  layer,  but  their 
ducts  open  on  to  the  surface  of  the  mucous  mendirane.  They 
are  known  as  Brunner’s  glands  or  the  duodenal  glands. 

Imbedded  in  the  mucous  menil)rane  there  are  also  little 
masses  of  adenoid  or  lymphoid  tissue,  which  were  at  one  time 
mistaken  for  glands.  Many  of  these  are  scattered  broadcast 
throughout  the  interior  of  the  bowel  Avithout  older  or  arrange- 
ment; they  are  spoken  of  as  the  solitary  glands.  Others  are 
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aggregated  to  form  oval  patches  known  as  Peyer’s  glands  or 
Payer’s  patches.  These  always  run  in  the  opposite  direction 
to  the  valvular  conniventes  (namely,  along  the  bowel  instead 
of  across  it).  They  are  more  numerous  towards  the  edge  of 
the  bowel  which  is  free  than  along  that  attached  to  the  mesen. 
tery,  and  they  are  especially  numerous  and  large  in  the  lower 
part  of  the  ileum,  near  its  entrance  into  the  large  bowel. 
Peyer’s  patches  are  very  prone  to  become  inflamed  and  to 
ulcerate  during  the  course  of  enteric  (typhoid)  fever. 

The  small  bowel  has  a very  free  supply  of  blood  from  the 
branches  of  the  superior  mesenteric  artery;  its  nerve  twigs  are 
derived  from  the  sympathetic,  and  form  fine  plexuses  in  the 
muscular  coat  and  beneath  the  mucous  membrane. 

Larg*©  Intestine. — The  large  bowel  is  about  five  or  six 
feet  in  length;  it  is  sacculated,  is  thicker  than  the  small  bowel, 
and  tapers  gradually  from  its  commencement  to  near  its  ter- 
mination. It  commences  in  a large  pouch -like  dilatation, 
the  caecum,  placed  in  the  right  iliac  fossa,  passes  up  in  front 
of  the  right  kidney  (ascending  colon)  to  the  under  surface  of 
the  liver,  then  crosses  beneath  the  stomach  to  the  spleen 
(transverse  colon)  ; bends  downwards,  and  descends  in  front 
of  the  left  kidney  (descending  colon).  On  reaching  the  left 
iliac  fossa  it  becomes  much  convoluted,  forming  the  sigmoid 
flexure;  then  enters  the  pelvis,  becoming  the  rectum,  and 
terminates  at  the  anus. 

The  large  bowel  is  much  more  fixed  than  the  small,  from 
which  it  is  always  distinguishable  by  the  following  characters : 
— Firstly,  its  position;  the  large  bowel  is  placed  at  the  outer 
part  of  the  abdominal  cavity,  the  small  bowel  in  the  centre. 
Secondly,  the  longitudinal  muscular  coat  of  the  large  bowel  is 
gathered  into  three  prominent  bands,  that  of  the  small  one  is 
evenly  distributed  over  the  whole  calibre;  as  a consequence, 
the  smaller  intestine  is  evenly  tubular,  the  large  is  sacculated. 
Thirdly,  the  large  bowel  has  on  its  lower  edge  numerous  little 
fatty  pellets  contained  in  peritoneal  pouches  {appendices  epi- 
ploicce):  these  are  absent  from  the  small  bowel.  Fourthly,  the 
mucous  membrane  of  the  small  intestine  is  throughout  covered 
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by  villi,  while  these  are  entirely  absent  from  that  of  the  large 
bowel. 

The  Caecum  forms  the  commencement  of  the  large  bowel, 
and  is  situated  in  the  right  iliac  fossa.  It  is  a blind  })ouch  or 
cul-de-sac  about  2|  inches  in  length,  continuous  above  with  the 
ascending  colon,  and  having  attached  to  it  below  a small  tail- 
like projection,  the  vermiform  appendix.  The  ileum  enters 
the  colon  obliquely, 
the  edges  of  the  open- 


ing 


forming  well- 


marked  folds  project- 
ing into  the  interior 
of  the  large  bowel. 

These  are  so  arranged 
that  when  there  is  dis- 
tention of  the  colon 
they  are  pressed  to- 
gether and  nearly 
close  the  opening,  pre- 
venting in  this  way 
the  contents  of  the 
large  bowel  from  pas- 
sing back  into  the 
small.  These  folds 
form  the  ileo-caecal 
valve,  and  form  a 
mechanical  arrange- 
ment which  is  effective  after  death  as  well  as  during  life, 
differing  in  this  respect  from  the  pyloric  valve,  which  acts  only 
during  life. 


1, 


Fig.  161.— Caecum  and  Ileo-caecal  Valve 

Ascending  colon ; 2,  caecum ; 3,  ileum ; 4,  vermiform  ap- 
pendix ; 5 and  6,  folds  forming  ileo-caecal  valve.  [Wilson, 
after  Ileule.j 


Structure  of  the  Large  Intestine. — The  large  intestine  has 
the  same  coats  as  the  small,  lint  certain  differences  between 
them  require  to  be  noted.  The  serous  coat  conqiletely  sur- 
rounds the  csecum,  vermiform  appendix,  transverse  colon, 
sigmoid  flexure,  and  upper  part  of  the  rectum,  Imt  only 
covers  the  ascending  and  descending  colon  in  front,  while 
the  lower  part  of  the  rectum  has  no  peritoneal  covering.  The 
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muscular  coat  deviates  considerably  from  the  arrangement 
found  in  the  small  intestine,  the  longitudinal  fibres  being 
gathered  into  three  bands,  and  the  circular  fibres  being 
thickest  in  the  hollows  between  the  saccules  so  formed.  The 
sacculation  of  the  large  bowel  is  supposed  to  be  designed  for 
delaying  the  flow  of  the  intestinal  contents,  thus  allowing  time 
for  the  absorption  of  fluid  to  take  place.  In  the  lower  part 
of  the  rectum-  the  longitudinal  fibres  are  spread  out  over  the 
whole  tube,  so  that  it  ceases  to  be  sacculated,  and  the  circular 
fibres  are  much  increased  in  number,  and  aggregated  to  form 
the  internal  sphincter  of  the  anus.  Outside  the  anus  is  a strong- 
circular  band  of  striped  muscle,  the  external  sphincter. 

The  mucous  membrane  of  the  large  intestine  is  totally 
devoid  of  villi  and  of  valvulae  conniventes.  It  has  a large 
number  of  follicles,  similar  to  those  of  the  small  intestine 
(Lieberkuhn’s  follicles),  and  there  are  numerous  scattered 
masses  of  lymphoid  tissue  forming  the  so-called  solitary 
glands. 

The  l)lood-vessels  and  nerves  of  the  large  bowel  are  very 
numerons,  and  are  derived  from  the  same  sources  as  those  of 
the  small. 

The  Liver. — The  liver  is  the  largest  gland  in  the  body, 
weighing  from  three  to  fonr  pounds,  and  measuring  in  its 
length  about  twelve  inches,  in  width  six  to  seven  inches,  and 
at  its  greatest  thickness  about  three  and  a half  inches.  It 
is  situated  in  the  right  hypochondriac  and  epigastric  regions, 
immediately  beneath  the  diaphragm.  Its  lower  border  cor- 
responds as  near  as  possible  to  the  arch  formed  by  the  lower 
costal  cartilages  and  last  ribs.  The  under  surface  of  the  liver 
is  in  contact  with  the  stomach,  duodenum,  colon,  right  kidney, 
and  right  supra-renal  body. 

The  liver  is  held  in  its  place  by  five  ligaments;  four  of 
these,  formed  by  double  folds  of  peritoneum,  connect  it  with 
the  diaphragm;  the  fifth  (round  ligament)  runs  from  the 
umbilicus  (navel)  to  the  fissure,  which  separates  the  right  and 
left  lobe,  and  is  the  remains  of  the  blood-vessel,  which  in  the 
foetus  carried  the  blood  from  the  after-birth  to  the  child. 
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The  liver  is  divided  into  two  very  unecjual  portions,  called 
the  right  and  left  lobes,  by  a vertical  fissnre,  the  longitudinal 
fissure.  The  right  lobe  is  from  four  to  six  times  the  size  of 
the  left,  and  a portion  of  it  is  sidxlivided  'into  a number  of 
smaller  lobes,  of  which  the  most  important  is  a prominent 
square  one  near  the  posterior  border,  called  the  Spigelian 
lobe.  There  are  also  several  fissures  on  the  under  surface  of 
the  right  lobe.  One  of  these  near  the  centre  is  called  the 
transverse  or  portal  fissure;  it  gives  passage  to  the  portal 
vein,  hepatic  artery,  lie})atic  duct  (conveying  the  bile  from  the 
liver),  nerves,  and  lymphatics.  Another  fissure,  to  the  right 
side  of  the  Spigelian  lobe,  receives  the  inferior  vena  cava,  and 
a shallow  groove  towards  the  front  of  the  liver  lodges  the 
gall-bladder. 

From  the  under  sui'face  of  the  liver  the  lesser  omentum 
passes  to  the  upper  border  of  the  stomach. 

Position  of  the  Liver  in  relation  to  the  Abdominal  and 
Thoracic  Wall. — The  upper  convex  surface  of  the  liver  reaches 
as  high  as  the  level  of  the  articulation  of  the  fifth  rib  on  the 
right  side  with  the  breast-bone;  the  lower  border  corresponds 
pretty  accurately  with  the  cartilages  of  the  sixth,  seventh, 
eighth,  and  ninth  riljs  on  the  right  side.  The  left  lobe  extends 
to  al)Out  an  inch  to  the  left  of  the  middle  line,  and  lies  against 
the  anterior  wall  of  the  abdomen,  its  lower  border  being  in- 
dicated by  a line  drawn  from  the  ninth  right  to  the  eighth  left 
costal  cartilage.  The  gall-bladder  has  its  end  at  the  outer 
border  of  the  rectus  muscle,  under  the  ninth  right  costal 
cartilage. 

The  Portal  vein  enters  the  liver  at  the  transverse  or  portal 
fissure,  and  carries  the  blood  used  for  the  formation  of  the 
bile.  The  Hepatic  artery  enters  at  the  same  fissure,  and 
furnishes  blood  for  maintaining  and  renewing  the  tissues  of 
the  organ  itself.  The  return  blood  from  l)oth  these  sources 
is  carried  away  from  the  liver  by  the  hepatic  veins,  and  these 
empty  into  the  inferior  vena  cava,  where  it  lies  in  the  fissure 
beside  the  Spigelian  lobe. 

The  whole  exterior  of  the  liver  is  covered  by  i)eritoneum, 
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excepting  a small  portion  of  the  np})er  surface  and  posterior 
border.  Beneath  this  is  a coat  of  fibrous  tissue,  forming  the 
capsule  of  the  liver,  and  so  intimately  connected  with  its 
structure  as  to  be  absolutely  inseparable.  The  liver  is  formed 
by  the  aggregation  of  an  immense  number  of  lobules,  each  of 
which  is  a miniature  organ,  so  that,  if  we  study  one  of  these, 
we  have  all  the  knowledge  essential  to  understand  the  whole 
organ.  Each  lobule  is  oval  or  hexagonal  in  cross  section,  and 
is  composed  of  fibrous  tissue,  supporting  a mass  of  nucleated 

protoplasmic  cells. 

On  the  outside  of  each  lobule  a capillary 
plexus  (interlobular  plexus)  distributes  the 
blood  derived  from  the  portal  vein.  These 
vessels  penetrate  the  lobule  and  ramify 
throughout  its  interior,  forming  a lobular 
venous  plexus,  and  supplying  to  the  liver 
cells  the  material  for  the  formation  of  bile. 
A vessel  placed  in  the  centre  of  the  lobule, 
and  called  the  intralobular  vein,  gathers  up 
the  blood  from  the  lobular  plexus  and  carries 
it  into  the  hepatic  vein,  by  means  of  which  it  at  length  reaches 
the  inferior  vena  cava.  Between  the  cells  are  very  fine 
channels  for  the  bile  (fig.  162),  the  biliary  ducts,  and  these 
unite  to  form  a plexus,  the  branches  of  which  get  larger  as 
they  near  the  surface  of  the  lobule.  Between  the  lobules  they 
form  another  j)lexus,  and  from  this  the  larger  ducts  proceed, 
which  at  length  terminate  in  two  channels  of  considerable  size, 
one  for  each  lobe  of  the  liver.  These  have  no  sooner  emerged 
at  the  transverse  fissure  than  they  unite  to  form  the  hepatic 
duct,  and  this  in  turn  is  joined  by  the  duct  from  the  gall- 
bladder, the  two  together  constituting  the  common  bile  duct, 
which,  as  we  have  already  seen,  terminates  in  the  duodenum. 

The  Biliary  cells  are  composed  of  very  active  protoplasm. 
They  have  a granular  appearance,  possess  a distinct  nucleus 
and  nucleolus,  and  frequently  contain  oil  vesicles.  They  take 
the  constituents  of  the  bile  from  the  portal  blood,  and,  after 
elaborating  that  fluid,  empty  it  into  the  fine  biliary  ducts 


Fig.  Cells  of  the 
Liver  {very  inncli  magni- 
fied) with  channels  («) 
for  the  bile  between. 
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surrounding  them.  The  l)ile  is  thus  formed  from  venous  hlood 
derived  from  the  stomach  and  intestines,  and  tliis  circumstance 
accounts  for  the  lai'ge  size  of  the  portal  vein  where  it  enters 
the  liver,  and  the  comparatively  small  artery  (the  hepatic) 
going  to  that  organ.  The  latter  vessel  supplies  blood  for  the 
nourishment  of  the  liver  substance,  and  only  indirectly  con- 
tributes a small  amount  for  the  formation  of  Ihle. 

Gall-bladder.— The  gall-bladder  is  a pear-shaped  sac, 
situated  on  the  under  surface  of  the  right  lobe  of  the  liver, 
and  serving  as  a reservoir  for  the  l)ile,  in  which  it  is  stored 
when  not  required  in  the  intestine.  The  necessity  for  such  a 
receptacle  is  apparent,  if  we  bear  in  mind  that  the  secretion  of 
bile  goes  on  continuously,  while  it  is  only  intermittently  that 
it  is  required,  namely,  during  digestion. 

The  gall-bladder  has  a large  end  directed  downwards  and 
outwards,  and  projecting  a little  beyond  the  edge  of  the  liver, 
opposite  the  ninth  costal  cartilage  of  the  right  side,  and  a 
narrow  end  terminating  in  a duct,  the  cystic  duct,  which  joins 
with  the  hepatic  duct  to  form  the  common  bile  duct. 

It  is  covered  by  peritoneum  on  its  under  surface,  and  by 
its  upper  is  connected  with  the  liver  by  areolar  tissue.  It  has 
a muscular  coat,  formed  of  longitudinal  and  circular  unstriped 
muscular  fibres  and  fibrous  tissue,  and  is  lined  by  a thick 
mucous  membrane,  which  is  everywhere  raised  into  folds  or 
rugae,  some  of  these  near  the  commencement  of  the  duct  form- 
ing a beautiful  spiral  valve  to  regulate  the  outflow  of  the  Idle. 

The  Pancreas. — The  pancreas  or  sweet-bread  is  a long, 
flattened  gland,  reseml)ling  closely  in  structure  the  salivary 
glands.  It  lies  across  the  vertebral  column  behind  the  stomach ; 
measures  al)Out  six  inches  in  length,  and  weighs  from  three 
to  four  ounces.  Its  right  extremity  is  much  the  widest  part, 
and  is  called  the  head;  it  is  embraced  in  the  horse-shoe  curve 
of  the  duodenum,  and  is  intimately  connected  with  that  part 
of  the  small  intestine.  The  other  end  is  very  narrow,  and  is 
called  the  tail;  it  lies  in  contact  with  the  spleen.  Near  the 
middle  of  the  gland  runs  a duct,  receiving  the  small  ducts  from 
all  the  lobules,  and  terminating  by  opening  into  the  back  of 
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the  duodenum,  either  alone  or  after  uniting  with  the  common 
bile  duct. 

In  structure  the  pancreas  is  made  up  of  lobules,  each  of 
which  consists  of  a number  of  acini  or  recesses,  lined  by 
columnar  epithelial  cells. 

The  Spleen. — The  spleen  is  an  oval,  flattened  organ,  of  a 
dark,  bluish-red  colour,  situated  in  the  left  hypochondriac 
region,  and  corresponding  to  the  ninth,  tenth,  and  eleventh  ribs 
in  the  axillary  line.  It  varies  greatly  in  size  and  weight,  even 

in  health,  but  on  an  average  is  about 
five  inches  in  length  and  weighs  six 
ounces.  It  is  of  very  soft  texture 
and  is  easily  torn.  The  outer  surface 
is  convex,  the  inner  concave,  and 
marked  by  a depression  for  the  en- 
trance of  the  vessels  and  nerves.  By 
its  inner  surface  it  lies  against  and  is 
connected  with  the  great  end  of  the 
stomach  and  tail  of  the  pancreas;  its 
upper  end  rests  on  the  diaphragm,  and 
its  lower  on  the  colon;  its  posterior 
surface  touches  the  left  kidney  and 
supra-renal  body.  Sometimes  there  are  several  additional 
spleens,  most  of  them  not  larger  than  marbles. 

Structure  of  the  Spleen.  -The  spleen  is  completely  sur- 
rounded l)y  peritoneum,  excepting  along  its  inner  border  where 
the  vessels  and  nerves  enter.  Beneath  the  peritoneum  is  a 
strong  but  very  elastic  capsule;  this  is  very  firmly  adherent  and 
cannot  be  stripped  off.  From  the  capsule  fibrous  bands  pass 
into  the  interior  along  the  blood-vessels,  and  these,  branching 
out  in  all  directions,  form  a mesh-work  which  is  firmly  attached 
to  the  interior  of  the  capsule,  and  divides  the  interior  of  the 
spleen  into  a great  number  of  irregular  spaces  or  areolae.  These 
interspaces  are  occupied  by  a reddish-brown,  soft  material,  the 
splenic  pulp,  which,  on  microscopic  examination,  is  found  to 
consist  of  a net-work  of  branched  cells,  supporting  broken-down 
red  blood  corpuscles,  white  blood  corpuscles  in  large  numbers, 


Fig.  1H.3.— Portion  of  Sjilenic  Ar- 
tery, witli  Corpiiscle.s  of  the  Sidoeii 
attached  to  its  twig.s 

o,  -V  main  artery;  h,  h,  small  ar- 
terial twigs;  c,  c,  c,  Malpighian 
corpuscles. 
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and.  a few  pigmented  cells.  The  arteries  distributed  to  the 
spleen,  after  breaking  up  into  small  branches,  terminate  in  the 
splenic  pulp  without  forming  capillaries,  and  in  like  manner 
the  small  veins  have  their  commencement  in  the  pulp.  Scat- 
tered throughout  the  spleen  are  numerous  light-coloured  spots, 
which,  when  of  large  size,  present  the  appearance  of  sago 
grains.  They  are  the  Malpighian  corpuscles  of  the  spleen, 
and  are  simply  masses  of  adenoid  or  lymphoid  tissue  situated 
on  the  terminal  twigs  of  the  splenic  artery  (see  fig.  163). 

The  artery  and  vein  of  the  spleen  are  very  large  in  j)ropor- 
tion  to  its  size,  and  it  is  assumed  that  it  has  for  its  function 
the  elaboration  of  the  blood  corpuscles  and  other  blood 
elements.  It  cannot,  however,  be  said  that  our  knowledge  as 
to  its  uses  is  satisfactory. 

Supra-renal  Body. — This  is  a very  small  and  unimpor- 
tant structure,  placed  at  the  upper  end  of  the  kidney  and 
shaped  somewhat  like  a cocked-hat.  It  is  composed  mainly  of 
cells,  has  no  duct,  is  freely  supplied  with  blood-vessels  and 
nerves,  and  is  usually  regarded  as  concerned  in  blood  elabora- 
tion. 

The  Kidneys. — The  kidneys  are  the  organs  for  the  secre- 
tion of  the  urine.  They  are  placed  one  on  each  side  of  the 
vertebral  column  in  the  lumbar  region,  corresponding  in 
position  to  the  bodies  of  the  last  dorsal  and  two  upper  lumbar 
vertebrae,  and  extending  from  the  lower  ribs  to  the  crest  of  the 
ilinm.  In  consequence  of  the  interposition  of  the  liver  on  the 
right  side,  the  right  kidney  is  a little  lower  down  than  the 
left.  Each  kidney  is  between  four  and  five  inches  in  length, 
about  two  and  a half  inches  in  breadth,  and  someAvhat  more 
than  an  inch  in  thickness,  and  weighs  about  ounces  in  the 
male  and  rather  less  in  the  female. 

The  right  kidney  is  in  contact  Avith  the  liver,  the  left  Avith 
the  spleen;  they  both  lie  against  the  posterior  abdominal  Avail, 
and  have  the  large  boAvel  in  front  of  them.  Their  position  in 
relation  to  the  great  vessels  of  the  abdomen  is  shoAvn  in 
fig.  164,  and  their  ducts,  the  ureters,  are  there  shoAvn  passing 
doAvn  to  the  bladder.  The  upper  expanded  portion  of  the 

(M24)  Q 
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ureter  is  called  the  pelvis,  it  corresponds  in  its  position  to  a 
hollow  on  the  inner  side  of  the  kidney  called  the  hilus, 
where  also  the  ])lood-vessels  are  placed.  At  this  part  the 
vein  is  always  placed  in  front,  the  artery  next,  the  ureter 

behind.  The  outer 
edge  of  the  kidney 
is  convex,  the  j)os- 
terior  surface  a little 
flattened,  the  ante- 
rior surface  convex, 
the  upper  end  rather 
larger  than  the 
lower. 

The  kidney  is  sur- 
rounded by  a thick 
layer  of  fat  forming 
the  adipose  capsule, 
which,  in  the  sheep 
and  ox,  is  the  chief 
source  of  suet;  this 
separates  the  organ 
from  the  posterior 
abdominal  wall  be- 
hind and  the  peri- 

Fig.  164. — The  Situation  of  the  Kidneys.  , . » 

tonenm  in  front. 

A,  aorta;  V,  inferior  vena  cava;  B,  bladder;  V> , ureters.  . ' 

Branches  of  the  aorta  are  seen  going  to  the  kidney,  and  The  kldllCy  is  en- 
veins  from  it  are  shown  joining  the  vena  cava.  , 

closed  in  a thin  but 

hrm,  fibrous  capsule,  differing  from  that  of  the  other  organs 
we  have  described  in  being  easily  separalile. 

If  the  kidney  be  cut  open  in  the  direction  of  its  length  it 
presents  the  appearance  shown  in  fig.  165.  The  outer  part  is 
seen  to  differ  in  colour  and  texture  from  the  inner,  hence  the 
former  is  described  as  the  cortical,  and  the  latter  as  the 
medulkmj  part.  The  cortical  is  distinguished  by  its  bright, 
red  colour,  granular  appearance,  and  softer  texture;  it  forms 
the  exterior  of  the  organ,  but  also  dips  into  the  interior  so  as 
to  divide  up  the  medullary  part  into  eight  to  fifteen  dark-red. 
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conical  masses,  the  Malpighian  pyramids.  The  bases  of  these 
pyramids  are  directed  outwards  and  gradually  shade  off  into 
the  cortical  part;  the  apices  form  small  conical  projections, 
the  papillae,  projecting  into  recesses  of  the  pelvis  known  as 
the  calices.  The  calices  by  their  union  form  infundibula,  and 
these  unite  to  constitute  the  pelvis.  At  the  summit  of  each 
papilla  is  a little  depression,  and  0})ening  into  this  are  the  termi' 
nations  of  eight  or  ten  minute 
tubules,  the  uriniferous  tubules. 

The  tubules  radiate  from  the 
papilla  and  run  in  straight 
lines  till  they  reach  the  edge 
of  the  pyramid,  when  they  at 
once  become  convoluted;  after 
this  each  tube  runs  l)ack  again 
into  the  pyramid  in  a straight 
line,  traverses  about  half  the 
depth  of  the  medulla,  and 
again  ascends  into  the  cortex, 
where  it  becomes  a second 
time  convoluted,  and  termi n 
ates  in  a spherical  expansion, 
the  Malpighian  capsule.  The 
tubules  are  lined  by  a single 
layer  of  epithelial  cells,  but  the 
character  of  the  ejhthelium 
differs  very  much  in  different  parts  of  the  course  of  the  tubule, 
and  the  size  of  the  free  channel  left  also  varies.  The  portion 
of  the  tube  which  doubles  back  on  itself  in  the  pyramid  is 
called  the  looped  tubule  of  Henle,  after  the  anatomist  who  first 
described  it;  it  is  narrow,  and  the  channel  in  it  is  small. 

The  arteries  of  the  kidney  enter  at  the  hilus,  and  run 
between  the  pyramids  of  Malpighi;  at  the  base  of  these  they 
divide  into  small  branches  which  pass,  for  the  most  part,  to 
the  cortex,  and  are  arranged  in  series  between  the  groups  of 
convoluted  uriniferous  tubules.  From  these  interlobular 
branches  twigs  are  given  off  on  each  side  to  the  IVIaljiighian 
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capsules,  and  receive  the  name  of  afferent  vessels.  Each 
vessel,  after  piercing  the  capsule,  breaks  up  in  the  interior  into 
a niiml)er  of  capillary  vessels,  each  of  which  becomes  greatly 
convoluted  and  forms  a little  ball.  This  ball  is  called  the 


On  the  right-hand  side  1 points  to  the  dilated 
end  of  a tubule  (in  the  cortex)  containing  a 
tuft  of  blood-vessels.  The  tubule  passes  off 
as  the  convoluted  tubule  (2),  then  it  sud- 
denly becomes  straight  (3)  and  passes  down 
to  the  medullary  region,  turning  back  at  4 
and  passing  back  (5)  to  the  cortex,  where  it 
becomes  wavy  ((!),  and  ultimately  joins  a 
straight  tubule  7,  running  downwards  (8,  8) 
through  the  medulla  to  open  at  9 on  the 
ape.x  of  a pyramid  into  the  pelvis  of  the 
kidney  (see  fig.  165).  On  the  left-hand  side  of 
the  fig.  the  relation  of  tubule  and  vessel  is 
shown : ar  is  a branch  of  the  renal  artery, 
from  which  a twig  (a)  passes  off  to  enter  the 
dilated  end  of  a tubule;  e,  points  to  the 
vessel  leaving  the  tubule  and  breaking  into 
a meshwork  of  capillaries,  which  finally 
form  again  into  one  vessel,  joining  a branch 
of  the  renal  vein  (V).  The  artery  is  shown 
giving  off  other  twigs  to  other  tubules.  At 
the  side,  C indicates  the  cortical  region,  M 
the  medullary  region,  and  B the  layer 
bounding  the  two. 


Fig.  166.— Diagrammatic  View  of  the  Tubules  and  Blood-vessels  of  the  Kidney. 


glomerulus  or  Malpighian  tuft;  the  tuft  and  capsule  together 
being  spoken  of  as  the  Malpighian  body.  The  blood  con- 
tained in  the  glomerulus  is  carried  away  by  a smaller  vessel, 
the  efferent  vessel,  and  this  passes  to  the  convoluted  por- 
tion of  the  tube,  and  breaks  up  into  a plexus  of  capillaries 
which  spreads  over  the  surface  of  the  tube.  From  this 
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plexus  the  veins  originate;  they  leave  the  kidney  at  the 
hilns  and  empty  into  the  inferior  vena  cava.  The  watery  part 
of  the  urine  is  separated  from  the  blood  in  the  capillary  of  the 
glomerulus  by  a process  of  filtration.  The  salts  are  added  in 
the  convoluted  part  of 
the  uriniferous  tubule, 
l)eing  secreted  from  the 
blood  in  the  efferent 
plexus  by  the  epithe- 
lium lining  that  part  of 
the  tubule. 


Fig.  167.  — Very  highly  magnified  View  of  Cross  and 
Longitudinal  Section  of  a Tubule,  b,  cells ; a,  channel 
of  a tubule. 


The  kidney  is  supplied  by  an  elaborate  plexus  of  nerves, 
most  of  them  belonging  to  the  sympathetic  system,  and  being 
connected  with  the  solar  plexus. 

Ureter. — The  ureter  or  duct  of  the  kidney  commences  at 
the  hilus  of  that  organ  by  an  expansion  called  the  pelvis  of 
the  kidney.  This  is  placed  behind 
the  blood-vessels,  and  lies  against 
the  muscles  forming  the  back  wall 
of  the  abdomen. 

The  ureter  lies  behind  the  peri- 
toneum and  passes  down  into  the 
pelvic  cavity  to  reach  the  under 
surface  of  the  urinary  bladder.  In 
its  course  it  runs  down  on  the  psoas 
muscle,  and  crosses  the  common 
iliac  artery  and  vein.  In  the  male 
it  crosses  the  vas  deferens  (the  duct 
of  the  testicle)  liefore  entering  the 
])ladder,  and,  in  the  female,  runs 
by  the  side  of  the  neck  of  the  uterus 
and  the  upper  part  of  the  vagina. 

The  ureter  is  a membranous  tube  alxmt  eiu’liteen  inches  in 

O 

length,  and  about  the  diameter  of  a goose-cpiill.  It  is  formed 
of  three  coats,  external,  middle,  and  internal.  The  first  of 
these  is  composed  of  fibrous  tissue,  the  second  of  longitudinal 
and  circular  unstriped  muscular  fibres,  and  the  inner  coat  is 


Fig.  168. — IMalpighiiiii  Body  of  Kiduey, 
with  its  tuft  of  vessels. 

a and  h,  cells  of  capsule  formed  of  dilatei 
end  of  tubule  c.  The  wide  vessel  is  the 
afferent ; the  narrow  one  is  the  efferent. 
Very  largely  magnified. 
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formed  of  mucous  membrane,  lined  by  a many-layered  epi- 
thelium. 

Pelvic  Cavity.  — The  cavity  of  the  pelvis  is  that  part  of 
the  great  abdominal  cavity  enclosed  by  the  pelvic  bones,  and 
situated  below  the  level  of  the  brim  of  the  pelvis  (the  ilio- 
pectineal  line  and  promontory  of  the  sacrum).  The  structures 
closing  it  in  below  form  the  perineum;  the  levator  ani  muscles 
and  the  pelvic  fascia  being  the  most  important  of  them.  At 
the  sides  it  is  limited  by  the  innominate  bones  and  the  muscles 
lining  them,  and  behind  by  the  sacrum,  coccyx,  sacro-ischiatic 
ligaments,  sacral  nerves,  and  two  })airs  of  small  muscles  (coccy- 
geus  and  pyriformis). 

The  viscera  of  the  pelvis  in  the  male  are — the  urinary 
bladder,  prostate  gland,  seminal  vesicles,  and  rectum.  In  the 
female  they  are — the  urinary  bladder,  vagina,  uterus,  ovaries, 
Fallopian  tubes  or  oviducts,  and  rectum. 

Male  Urinary  Bladder. — The  bladder  is  a membranous 
bag,  oval  in  shape  when  filled,  triangular  when  empty,  placed 
behind  the  pubes,  and  in  front  of  and  upon  the  rectum.  It  is 
larger  from  above  downwards  than  from  side  to  side,  and  its 
long  axis  is  directed  from  above  obliquely  downwards  and 
backwards.  The  middle  part  of  it  is  called  the  body,  the 
lower  part  the  base,  and  the  upper  part  the  fundus,  while  the 
constricted  portion  connecting  it  with  the  urethra  (or  excretory 
channel)  is  called  the  neck.  When  the  person  is  standing  the 
neck  of  the  bladder  is  at  its  lowest  part.  It  lies  behind  the 
pubes,  and  is  connected  vdth  that  bone  by  bands  of  fascia,  and 
by  a layer  of  peritoneum.  Below,  it  rests  upon  the  rectum, 
seminal  vesicles,  duct  of  the  testicle  (vas  deferens),  and  ureter ; 
behind,  a layer  of  peritoneum  alone  separates  it  from  the  small 
intestines,  which  occu})y  the  greater  part  of  the  pelvic  cavity, 
unless  when  the  bladder  is  distended,  or  the  uterus  enlarged. 
The  neck  of  the  bladder  is  surrounded  by  the  prostate  gland. 
The  peritoneum  covers  the  whole  of  its  posterior  surface,  and 
is  continued  from  its  fundus  on  to  the  inner  surface  of  the  pubes 
and  abdominal  wall;  it  also  clothes  the  upper  and  posterior 
part  of  each  lateral  aspect.  On  the  under  surface,  the  peri- 
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toneum  is  continued  as  far  forwards  as  the  point  where  the 
ureters  enter  the  bladder,  and  there  ceases;  the  I’esult  being, 
that  there  is,  at  the  front  of  the  base,  a small  area,  where  it  is 
possible  to  puncture  the  bladder  from  the  rectum  without 
injuring  the  peritoneum.  Further,  it  should  be  noticed  that 
the  whole  of  the  anterior  surface  is  devoid  of  })eritoneum,  and 
that,  consequently,  when  the  bladder  is  fully  distended,  it  is 


Fig  169.— Side  View  of  the  Male  Pelvic  Viscera.  [Wilson.] 


1,  Ihibic  bone ; 2,  sacrum ; 3,  body  of  bladder ; 4,  fundus ; 5,  base ; 6,  ureter ; 7,  neck  of  bladder ; 

8,  pelvic  fascia;  9,  prostate  gland;  10,  membranous  part  of  urethra;  11,  triangular  ligament; 

12,  Cowper’s  gland ; 13,  bulb  of  urethra ; 14,  corpus  spongiosum ; 15,  crus  penis;  16,  first  part 
of  rectum ; 17,  recto-vesical  fold  of  peritoneum  ; 18,  second  part  of  rectum ; 19,  right  seminal 
vesicle;  2o,  vas  deferens;  21,  rectum  bending  forward;  22,  levator  ani  muscle;  23,  external 
sphincter  muscle  of  anus ; 25,  peritoneum  covering  back  of  bladder. 

possible  to  tap  it  from  above  the  pubes  without  any  danger  of 
injuring  that  membrane. 

Structure  of  the  Bladder. — On  its  exterior  is  the  serous  or 
peritoneal  coat,  Avhich,  as  has  just  been  shown,  is  only  a 
partial  covering.  Next  to  this  comes  the  muscular  coat, 
formed  of  unstriped  muscular  fibre,  forming  a very  complicated 
series  of  layers.  Of  these  it  is  only  necessary  to  distinguish 
two,  namely,  (1)  longitudinal  bands  on  the  front  and  back  of 
the  bladder,  and  constituting  the  detrusor  urinse,  or  exjieller 
of  the  urine;  and  (2)  circular  fibres  around  the  neck,  and  form- 
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ing  the  sphincter  vesicae,  or  retainer  of  the  urine.  Within 
the  muscular  coat  is  a layer  of  areolar  tissue,  called  the  sub-  • 
mucous  coat.  It  serves  to  allow  of  the  folding  up  of  the 
mucous  membrane  when  the  viscus  is  empty,  and  also  gives 
space  for  the  distribution  of  vessels,  nerves,  and  lymphatics. 
The  inner  coat  of  the  Idadder  is  formed  l)y  a thick  and  smooth 
mucous  membrane,  of  a pale  rose  colour,  continuous  with  that 
lining  the  ureters,  and  also  Avith  the  mucous  membrane  of  the 
urethra.  It  is  coA^ered  l)y  a stratified  epithelium  similar  to 
that  of  the  ureters,  the  deep  cells  being  pear-shaped,  and  the 
superficial  ones  flattened. 

On  the  inner  surface  of  the  floor  of  the  bladder  is  a smooth 
triangular  area,  Avhere  the  mucous  membrane  is  paler  and 
thinner  than  elseAvhere,  and  is  not  throAvn  into  folds  Avhen  the 
viscus  is  empty;  this  is  the  trigone.  Its  posterior  limit  corre- 
si)onds  to  the  entrance  of  the  ureters,  and  its  anterior  angle  is 
at  the  neck  of  the  bladder.  On  the  under  surface  of  the 
bladder  the  area  of  the  trigone  is  indicated  by  the  tAvo  ducts 
of  the  testicle,  Avhich  form  its  lateral  boundaries,  and  by  a line 
draAvn  l)etAveen  the  tAvo  ureters  just  as  they  enter  the  bladder 
Avail.  The  trigone  is  the  most  sensitive  part  of  the  Avhole 
interior ; it  is  ahwivs  devoid  of  folds  (even  Avhen  the  bladder 
is  quite  emi)ty);  it  has  no  peritoneum  in  relation  Avith  it;  the 
mucous  membrane  is  thinner  and  paler  than  elseAvhere;  and, 
lastly,  it  is  in  intimate  relation  Avith  the  rectum. 

The  bladder  is  freely  supplied  Avith  blood  by  vesical  branches 
of  the  internal  iliac  artery,  and  Avith  nen^es  by  branches  of  the 
sympathetic  and  sacral  nerves. 

Prostate  Gland.  The  prostate  is  a musculo-glandular 
mass,  placed  in  front  of  the  neck  of  the  bladder  in  the 
male,  and  surrounding  the  first  part  of  the  urethra;  it  is  not 
present  in  the  female.  It  is  in  close  relation  to  the  rectum, 
and  can  be  felt  in  front  of  that  canal,  Avhen  the  finger  is  intro- 
duced into  the  anus.  In  most  cases  it  forms  a single  mass,  but 
is  sometimes  divided  into  three  lobes,  the  portion  placed  be- 
tAveen  and  behind  the  seminal  ducts  forming  a middle  or  third 
lobe.  The  latter  (Home’s  lobe)  is  especially  troublesome  in  old 


VISCERA  OF  THE  BODY. 


249 


age,  for  it  undergoes  enlargement  (as  does  the  whole  gland), 
and  seriously  narrows  the  canal  so  as  to  cause  retention  of 
urine.  The  muscular  fibres  in  the  prostate  are  of  the  un- 
striped variety,  and  are  continuous  with  those  of  the  sj)liincter 
vesicae.  The  glandular  element  forms  nearly  a fourth  of  the 
whole  mass,  and  consists  of  a number  of  Ijranched  tubules, 
whose  ducts  pour  out  the  secretion  into  the  prostatic  portion 
of  the  urethra. 

Seminal  Vesicles.— These  are  two  irregular  lohulated 
bodies  placed  on  the  under  surface  of  the  base  of  the  male 
bladder,  one  of  them  lying  immediately  to  the  outer  side  of 
each  duct  of  the  testicle  (vas  deferens).  Each  vesicle  is  formed 
by  the  convolutions  and  branches  of  a single  tube,  and  ter- 
minates by  uniting  with  the  vas  deferens  to  form  a common 
canal,  the  ejaculatory  duct.  The  latter  traverses  the  substance 
of  the  prostate  gland,  and  opens  into  the  prostatic  portion  of 
the  urethra.  The  seminal  vesicles  are  lined  by  a thin  mucous 
membrane,  which  is  covered  by  a s(pianious  epithelium,  and 
has  opening  on  to  its  surface  a number  of  mucous  glands. 
The  vesicles  serve  to  store  up  the  seminal  fiuid,  and  also  add 
their  mucous  secretion  to  it. 

Male  Generative  Organs. — These  are  the  penis  and 
testicles. 

The  Penis. — The  penis  is  covered  by  a very  fine,  thin, 
elastic  skin,  studded  with  a few  hairs,  and  containing  a small 
amount  of  pigment.  At  the  base  of  the  organ  the  hairs  be- 
come more  numerous,  and  form  a large  tuft  over  the  pubic 
bone ; they  are  also  continued  on  to  the  scrotum.  At  the  free 
end  of  the  penis  the  skin  forms  a sheath  for  the  extremity  of 
the  organ,  and  is  called  the  prepuce;  its  inner  surface  assumes 
the  character  of  mucous  membrane,  and  becomes  continuous 
with  the  mucous  covering  of  the  glans  penis. 

The  penis  consists  of  three  ])arts:  a ayrpus  spongiosum,  placed 
in  the  middle  line  and  below,  and  a corpus  caveruosum  on  each 
side  and  above;  each  of  the  latter  being  much  larger  than  the 
former.  The  two  corpora  cavernosa  diverge  })osteriorly,  and 
each  ends  in  a triangular  process,  the  crus  penis,  by  which  it 
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becomes  fixed  to  the  ramus  of  the  pul)ic  bone.  In  front  they 
become  fused  together,  the  line  of  their  union  being  marked 
by  a fibrous  division. 

The  Corpus  spongiosum  is  attached  at  its  back  part  to  a 
strong  layer  of  fascia,  filling  in  part  of  the  pubic  arch,  and 
called  the  triangular  ligament;  it  is  here  enlarged  so  as  to 
form  a rounded  prominence,  named  the  bulb  of  the  urethra. 
At  the  free  end  of  the  penis  the  corpus  spongiosum  becomes 

also  enlarged,  and  forms  a conical 
mass,  the  glans  penis,  project- 
ing beyond  the  corpora  caver- 
nosa, and  firmly  united  to  their 
extremity.  The  glans  is  covered 
by  a thick  mucous  membrane 
of  a pink  colour,  studded  over 
by  fine  papillse,  and  freely  sup- 
plied with  blood-vessels  and 
nerves.  Around  the  glans  is  a 
deep  groove,  the  corona  of  the 
glans,  where  the  mucous  mem- 
brane and  skin  become  contin- 
uous, and  in  which  are  numerous 
sebaceous  glands  secreting  a thick  fluid.  The  corpus  spongi- 
osum is  traversed  by  a canal  for  the  conveyance  of  the  urine, 
the  urethra,  and  this  terminates  in  a vertical  slit  at  the  lower 
border  of  the  glans,  the  meatus  urinarius. 

In  structure,  the  penis  consists  of  a number  of  irregular 
spaces,  in  free  communication  with  numerous  arteries  and 
veins,  and  formed  by  connective  tissue  with  a lining  of  epi- 
thelium; this  arrangement  constitutes  what  is  known  as 
erectile  tissue. 

Testicles. — The  testicles  are  the  organs  which  secrete  the 
seminal  fluid.  They  are  two  in  number,  and  are  contained  in 
a bag  placed  beneath  the  penis  and  called  the  Scrotum. 

The  Scrotum  is  divided  into  two  halves  by  a vertical  ridge, 
the  raph(^,  and  is  formed  of  lax  and  elastic  skin  containing  a 
considerable  quantity  of  unstriped  muscle.  In  its  interior  is  a 


Fig.  170.— Trausverse  Section  of  the  I’euis. 

1,  Dorsal  vein  of  penis;  2,  dorsal  artery ; 3, 
dorsal  nerve  ; 4,  skin ; 6,  fibrous  capsule ; 6, 
cor{)us  cavernosum ; 7,  urethra;  8,  corpus 
spongiosum.  [A.  M'Alister.] 
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septum  or  division  formed  of  fibrous  tissue,  and  dividing  the 
cavity  into  two  sacs  for  the  two  testicles. 

The  Testicle  is  an  oblong  gland  about  an  inch  and  a half  in 
length,  suspended  in  the  scrotum  by  means  of  its  duct,  the 
vas  deferens.  It  is  a little  flattened  on  each  side,  and  its 
front  edge  looks  outwards  and  forwards.  As  a rule  the  left 
testicle  hangs  slightly  lower  down  than  the  right.  Tying 
against  its  i)osterior  border  is  a lobulated  mass,  the  epididymis, 
continuous  at  its  lower  end  with  the  vas  deferens;  this  projects 
above  the  testicle  and  forms  a lobule  called  the  globus  major, 
while  a smaller  lobule,  reaching  to  a little  l)elow  the  bottom  of 
the  organ,  is  called  the  globus  minor. 

On  the  front  of  the  testicle  is  a closed  sac,  the  tunica 
vaginalis.  This,  when  first  formed  in  the  child,  was  con- 
tinuous with  the  peritoneal  cavity,  but  gradually  got  shut  off. 
In  the  adult  the  membrane  covers  the  front  and  outer  side  of 
the  testicle,  and  to  a less  degree  the  inner  surface,  but  does 
not  extend  round  to  the  back  of  it. 

Beneath  the  tunica  vaginalis  is  a white  shining  layer,  the 
true  capsule  of  the  testicle,  called  tunica  albuginea. 

The  mass  of  the  testicle  is  formed  of  lobules,  each  of  them 
composed  of  a minute  tubule,  very  much  coiled  up,  and  lined 
hy  cells  which  give  origin  to  the  spermatic  cells  or  Sper- 
matozoa. The  tubules  all  empty  into  a series  of  channels  in  a 
fibrous  mass  at  the  back  of  the  l)ody  of  the  testicle,  and  these 
are  in  direct  connection  with  the  tubes  forming  the  globus 
major  of  the  epididymis.  After  traversing  the  whole  length 
of  the  epididymis  the  seminal  fluid  reaches  the  vas  deferens, 
and  by  it  is  conveyed  to  the  prostatic  portion  of  the  urethra. 

The  name  of  Spermatic  Cord  is  given  to  the  whole  of  the 
structures  by  means  of  which  the  testicle  is  placed  in  com- 
munication with  the  cavity  of  the  abdomen.  It  is  composed 
of  the  spermatic  arteries  and  veins,  lymphatics,  nerves,  and 
the  vas  deferens  or  duct  of  the  testicle.  It  is  enclosed  in 
certain  layers  derived  from  the  al)dominal  wall,  called  the 
coverings  of  the  cord,  carried  down  l)y  the  testicle  in  its 
descent  into  the  scrotum. 
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Descent  of  the  Testicle. — The  testicle  is  formed  in  the 
abdominal  cavity  immediately  below  the  kidney,  and  remains 
in  that  situation  until  about  the  fifth  or  sixth  month  of  intra- 
uterine life,  when  it  begins  to  descend.  It  makes  its  way 
through  the  internal  abdominal  ring  into  the  inguinal  canal, 
traverses  it,  escapes  at  the  external  abdominal  ring,  and  passes 
down  into  the  scrotum,  which  it  reaches  about  the  end  of  the 


Fiy.  171.— Loiigitudiual  Sectiou  of  tlie  I’enis,  Frustate  Gland,  and  Bladder,  showing  the  Urethra. 

1,  Cord  passing  up  to  navel ; 2,  recto-vesical  fold  of  peritoneum ; 3,  opening  of  right  ureter ; 4, 
ridge  formed  by  muscle  of  the  ureter;  5,  neck  of  bladder;  6,  prostatic  part  of  urethra;  7, 
prostate  gland;  8,  middle  lobe  of  prostate;  9,  right  seminal  vesicle;  10,  membranous  part  of 
urethra;  11,  Cowper’s  gland;  12,  bulbous  part  of  urethra;  13,  fossa  uavicularis;  14,  corpus 
cavernosum;  15,  right  crus  penis;  16,  septum  between  the  two  cavernous  bodies;  17,  upper 
part  of  glans  penis ; 18,  lower  part  of  glans ; 19,  meatus  urinarius  ; 20,  corpus  spongiosum ; 
21,  bulb  of  urethra.  [AVilson.] 

seventh  month.  Sometimes  it  is  retained  in  the  abdomen  or 
in  the  inguinal  canal,  and  is  then  spoken  of  as  an  undescended 
testicle. 

Male  Urethra. — The  urethra,  or  canal  Avhich  conducts  the 
urine  aAvay  from  the  bladder,  is  in  the  male  about  eight  inches 
in  length,  commencing  at  the  neck  of  the  bladder  and  terminat- 
ing at  the  meatus  urinarius  at  the  extremity  of  the  glans  penis. 
It  is  curved  in  its  course,  and  traverses  the  prostate  gland  and 
the  corpus  spongiosum  of  the  penis. 

In  structure  it  consists  of  three  coats,  musmlm\  suhmnmis^ 
and  mucous.  The  muscular  coat  is  most  external  and  is 
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formed  of  circular  and  longitudinal  unstrij)ed  muscular  fibres. 
Next  to  this  is  a submucous  coat,  composed  of  areolar  and 
vascular  tissue,  and  lodging  racemose  mucous  glands,  the  ducts 
of  which  open  on  to  the  surface  of  the  mucous  coat.  The 
inner  coat  is  formed  of  mucous  membrane,  continuous  at  its 
inner  end  Avith  that  of  the  bladder,  and  at  the  other  with 
that  covering  the  glans  penis.  It  is  lined  with  a stratified 
squamous  epithelium,  and  has  opening  on  to  its  surface 
numerous  mucous  recesses,  the  ducts  of  the  glands  in  the 
submucous  tissue  (glands  of  Littre),  the  ducts  of  Cowper’s 
glands,  and  those  of  the  prostate  gland;  and  lastly,  the 
common  ducts  formed  by  the  union  of  the  vas  deferens  and 
seminal  Amsicle  on  each  side. 

The  male  urethra  is  divided  into  a prostatic,  membranous^ 
and  spongy  portion. 

The  Prostatic  portion  of  the  urethra  is  that  part  traversing 
the  prostate  gland;  it  is  the  widest  part  of  the  Avhole  canal, 
and  measures  al)out  one  and  a quarter  inches  in  length  by 
about  half  an  inch  in  breadth.  On  the  floor  of  the  prostatic 
urethra  is  a slight  ridge  called  the  veru  montanum,  and  on 
each  side  of  it  a shallow  groove  (the  prostatic  sinus),  into 
which  the  ducts  of  the  prostatic  glands  empty.  In  front  of 
the  veru  is  a small  pouch,  the  sinus  pocularis,  sometimes 
regarded  as  the  representative  in  the  male  of  the  Avondj  in  the 
female,  and  on  each  side  the  ejaculatory  ducts  (formed  by  the 
union  of  the  vas  deferens  and  seminal  vesicle)  terminate. 

The  Membraneous  part  is  the  narrowest  and  most  fixed 
portion  of  the  canal.  It  passes  through  a dense  layer  of  fascia, 
called  the  triangular  ligament,  situated  beneath  the  arch  of 
the  pubes. 

The  Spongy  portion  forms  the  largest  ])art  of  the  urethra, 
being  about  six  inches  in  length.  Its  entire  course  is  in  the 
substance  of  the  coiq)us  spongiosum  of  the  penis.  The  ])art 
nearest  the  triangular  ligament  is  called  the  bulbous  portion, 
because  the  corpus  spongiosum  there  undergoes  a bulbous 
enlargement;  it  receives  the  ducts  of  tAvo  small  glands  placed 
beneath  and  behind  the  bulb,  and  named  Cowper’s  glands. 
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The  terminal  portion  is  called  glandular,  because  contained  in 
the  glans  penis;  it  is  a little  dilated  so  as  to  form  a space 
named  the  fossa  navicularis.  The  meatus  urinarius  is  the 
narrowest  part  of  the  urethra,  and  an  instrument  which 
will  pass  through  it  should  traverse  the  whole  canal  without 
difficulty. 

Pelvic  Organs  in  the  Female.-— The  Bladder.— In 

the  female,  the  bladder  is  placed  between  the  pubes  and 


Fig.  172.— Vertical  Section  of  the 
Female  Pelvic  Organs. 

1,  Pubic  symphysis;  2,  peritoneum; 

3,  outer  layer  of  bladder  wall ; 

4,  inner  layer;  5,  retro-pubic  fat; 

6,  clitoris ; 7,  vein  of  dorsum  of 
clitoris ; 8,  transverse  perineal 
muscle ; 9,  circular  muscular 

fibres  of  urethra ; 10,  labium 
major;  11,  meatus  urinarius; 
12,  nympha;  13,  longitudinal 
muscular  fibres  of  urethra;  14, 
deep  circular  fibres;  15,  orifice  of 
vagina;  16,  perineal  body;  17,  ex- 
ternal sphincter  ani;  18,  internal 
sphincter;  19,  anus;  20,  recto- 
vaginal fold  of  peritoneum  ; 21, 
posterior  part  of  internal  sphinc- 
ter ani;  22,  back  part  of  external 
sphincter;  23,  vagina;  24,  ante- 
rior lip  of  os  uteri ; 25,  posterior 
lip  of  os;  26,  levator  ani ; 27,  sac- 
rum ; 28,  rectum ; 29,  utei’us. 

1 Wilson,  after  Ilenle.] 


the  uterus,  and  is  separated  from  the  former  by  some  loose  fat 
(retro-pubic  fat),  and  from  the  latter  by  one  or  more  folds  of 
small  bowel,  and  two  layers  of  peritoneum.  Below,  it  lies 
against  the  anterior  vaginal  wall  and  the  neck  of  the  uterus. 
Its  connection  with  the  vagina  is  so  intimate  that  the  floor  of 
the  bladder  is  occasionally  injured  during  the  birth  of  a child, 
a vesico-vaginal  fistula  (or  communication  betw^een  the  bladder 
and  vagina)  resulting. 

The  Urethra. — The  Urethra  in  the  female  is  very  short 
as  compared  with  that  of  the  male.  It  is  lodged  in  the  upper 
and  anterior  wall  of  the  vagina,  is  widest  at  the  neck  of  the 
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bladder,  and  curves  downwards  and  forwards  beneath  the 
pnbic  arch  to  terminate  in  the  meatns  nrinarius,  the  narrowest 
part  of  the  canal.  The  meatus  opens  into  the  vestilnile, 
beneath  the  lesser  labia  or  nymphse,  and  in  front  of  the  orifice 
of  the  vagina. 

The  Vagina.  — ^The  Vagina  is  the  canal  leading  from  the 
exterior  of  the  body  to  the  womb  (uterus).  It  runs  in  the 
axis  of  the  outlet  of  the  pelvis,  and  is  placed  between  the 
bladder  and  urethra  in  front  and  the  rectum  behind.  The 
anterior  and  posterior  walls  are  in  loose  contact,  excepting  at 
the  upper  part  of  the  canal,  where  it  is  dilated  and  has  pro- 
jecting into  it  the  lower  end  of  the  uterus.  The  vagina 
measures  about  five  or  six  inches  along  its  posterior  wall,  and 
four  inches  on  the  anterior,  it  is  narrowest  at  the  external 
orifice,  and  there  forms  a mere  vertical  slit.  Its  upper  part  is 
covered  by  a layer  of  peritoneum,  which  passes  from  this 
organ  to  the  back  of  the  rectum,  and  is  called  the  recto- 
vaginal pouch,  or  fold  of  Douglas;  an  instrument  pushed 
into  the  vagina  may  pierce  its  upper  wall  and  enter  the 
cavity  of  the  peritoneum. 

Structure  of  the  Vagina. — ^The  vaginal  wall  is  formed  of 
three  layers  or  coats.  The  Outer  coat  is  formed  of  areolar 
tissue  in  which  there  is  a consideralfie  admixtui’e  of  elastic 
fibres;  it  serves  to  connect  the  vagina  with  the  neighbouring 
parts.  The  Middle  coat  consists  of  unstriped  muscular  fibres 
arranged  in  longitudinal  and  circular  bundles.  The  Internal 
coat  is  formed  of  mucous  membrane  arranged  in  numerous 
folds  {rugoe),  disposed  transversely  and  connected  by  a longi- 
tudinal ridge  on  the  anterior  and  posterior  wall.  These 
folds  are  absent  from  the  upper  part  of  the  canal  where  it 
receives  the  uterus.  The  mucous  membrane  is  studded  with 
numerous  fine  papillae,  and  is  covered  by  a stratified  e})i- 
thelium,  the  surface  cells  of  which  are  scpiamous  and  very 
large;  there  also  open  on  to  the  surface  a large  number  of 
mucous  glands. 

The  Uterus. — The  Uterus  or  Womb  is  a pear-shaped 
organ  occupying  the  pelvis,  and  having  its  upper  end  directed 
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upwards  and  forwards,  and  its  apex  downwards  and  back- 
wards. It  is  placed  between  the  rectum  and  bladder,  and  is 
held  in  its  proper  position  by  a double  fold  of  peritoneum 
stretching  from  side  to  side  of  the  pelvic  cavity  and  forming 
the  broad  ligaments.  The  lower  end  projects  into  the  anterior 
wall  of  the  vagina,  and  the  cavity  of  the  uterus  is  continuous 
with  that  of  the  vagina.  The  womb  varies  much  in  its 
position,  even  in  health;  this  depending  on  the  varying 
conditions  of  the  bladder,  rectum,  &c.  It  is  divided  into  a 
fundus  or  body,  and  a cervix  or  neck.  The  fundus  is  enclosed 
in  the  peritoneal  layers  of  the  broad  ligaments;  the  front  layer, 
however,  only  covers  the  upper  two-thirds  of  the  organ,  and 
is  continued  from  it  on  to  the  bladder;  the  back  layer 
envelops  the  whole  posterior  wall,  and  is  continued  on  to  the 
vagina  and  from  thence  on  to  the  rectum.  From  the  upper 
part  of  the  fundus  a long  tube  passes  off  on  each  side,  the 
Fallopian  tubes,  or  oviducts,  the  cavity  of  each  being  con- 
tinuous Avith  that  of  the  uterus.  Between  the  fundus  and 
cervix  is  a well-marked  constriction,  formed  by  a circular  band 
of  muscnlar  fibres. 

The  Cervix  or  Neck  of  the  Avomb  projects  into  the  upper 
part  of  the  Amgina  and  is  placed  on  its  anterior  AA^all ; it  ends 
in  a rounded  projection  in  Avhich  is  an  opening,  the  os  uteri, 
bounded  in  front  and  behind  by  thickened  edges  receiving  the 
name  of  the  anterior  and  posterior  lips  {lahia)  of  the  os. 

The  Cavity  of  the  uterus  is  triangular  in  shape,  and  the 
upper  angles  are  continuous  Avith  the  cavity  of  the  tA\m  Fallopian 
tubes.  The  loAver  angle  forms  a narroAv  opening,  the  os  inter- 
num, l)etAveen  Avhich  and  the  opening  into  the  Amgina  is  a small 
oval  secondary  space,  the  cavity  of  the  cervix. 

The  uterus  has  thick  Avails  and  is  capable  of  distension  to 
a very  great  size  during  pregnancy,  returning  to  nearly  its 
former  dimensions  after  the  birth  of  the  child.  It  is  formed  of 
three  coats,  outer,  middle,  and  internal.  The  Outer  coat  is  peri- 
toneal, and  (as  described  aboAm)  forms  only  a partial  investment 
in  front  and  a complete  one  behind.  The  Middle  coat  consists 
of  unstriped  muscular  fibres  forming  many  layers,  some  running 
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in  the  length  of  the  organ,  others  passing  round  it  horizontally, 
and  others,  again,  traversing  it  obliquely  in  various  directions. 
Around  the  neck  the  fibres  are  chiefly  circular,  liut  are  con- 
nected with  the  longitudinal  fibres  of  the  body,  and  similar 
circular  bands  surround  the  openings  of  the  Fallopian  tubes. 
A large  plexus  of  veins  occiqhes  the  middle  of  the  muscular 
coat  and  gives  it  rather  a spongy  appearance  on  section. 
The  Inner  coat  is  formed  by  mucous  membrane  of  a pale 
pink  colour,  very  firmly  adherent  to  the  inner  surface  of  the 


Fig.  173.— The  Uterus  and  its  Appendages,  seen  from  behind. 


1,  Fundus  of  uterus ; 2,  body;  3,  cervix ; 4,  right  ovary;  5,  left  ovary;  (>,  upper  part  of  broad  liga- 
ment ; 7,  right  Fallopian  tube  ; 8,  left  Fallopian  tube  ; 9,  9,  lower  part  of  broad  ligaments ; 10, 
posterior  lip  of  os  uteri ; 11,  anterior  lip ; 12,  vagina;  13,  ovarian  ligament ; 14,  fimbriated  end 
of  Fallopian  tube;  15,  tubo-ovarian  ligament.  [Thomas.J 


muscular  coat.  It  has  in  its  substance  a large  number  of 
mucous  glands,  the  uterine  glands.  They  are  for  the  most 
part  simple  follicles,  but  some  are  divided  into  two  in  their 
deep  part,  and  others  are  spirally  twisted.  They  are  lined  by 
a single  layer  of  prism  - shaped  ejiithelial  cells,  those  at  the 
neck  of  the  gland  being  provided  with  fine  cilia.  The  glands 
undergo  great  enlargement  during  pregnancy.  The  mucous 
membrane  is  lined  by  a columnar  ciliated  epithelium.  The 
membrane  of  the  cervix  is  firmer  and  thicker  than  that  of  the 
body;  it  is  raised  into  oblique  ridges,  iiroducing  a jieculiar 
configuration  called  the  arbor  vitae  uterinus  or  palmae  plicatae. 

( M 24  ) R 
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Between  the  folds  a number  of  glands  open,  and  these  secrete 
a peculiar  transparent  mucus. 

The  womb  is  held  in  its  place  (1)  by  the  double  peritoneal 
folds  already  described  as  the  broad  ligaments,  (2)  by  the 
round  ligaments.  The  latter  are  cord-like  structures  passing 
from  the  uterus  near  its  upper  extremity  on  each  side  to  the 
internal  abdominal  ring.  They  traverse  the  inguinal  canal, 
and,  passing  through  the  external  abdominal  ring,  terminate  in 
the  mass  of  fat  over  the  pubes  (the  mons  Veneris).  The  womb 
is  freely  supplied  with  blood  by  the  uterine  arteries  derived 
from  the  internal  iliacs,  and  the  ovarian  arteries  from  the 
abdominal  aorta.  The  nerves  distributed  to  it  are  derived 
from  the  sympathetic  and  sacral  nerves. 

Fallopian  Tubes. — The  Fallopian  tubes  or  oviducts  are 
two  long  and  narrow  tubes,  whose  function  is  to  convey  the 
ovum  from  the  ovary.  They  are  situated  in  the  upper,  free 
border  of  the  broad  ligament,  and  the  narrow  inner  end  of 
each  tube  is  continuous  with  the  upper  angle  of  the  womb. 
Each  tube  is  about  four  inches  in  length,  runs  a rather  flexuous 
course,  and  terminates  in  a trumpet-like  expansion  or  ampulla. 
The  ex})anded  end  is  surrounded  by  a double  or  triple  fringe 
of  tine  processes — the  fimbriated  extremity — and  in  the  centre 
of  these  is  a small  opening  (the  abdominal  pore)  leading  into 
the  tube,  and  through  it  communicating  with  the  cavity  of  the 
uterus.  One  of  the  fringe-like  processes  (longer  and  stronger 
than  the  rest)  passes  to  the  outer  end  of  the  ovary,  forming  a 
tuho-ovarian  ligament. 

Structure.— The  Fallopian  tube  has  three  coats: — an  outer 
one  of  peritoneum,  a middle  of  longitudinal  and  circular  un- 
striped muscular  fibres,  and  an  inner  of  mucous  membrane. 
In  the  condition  of  rest  the  mucous  membrane  is  thrown  into 
longitudinal  folds;  it  is  lined  by  a single  layer  of  cubical, 
ciliated,  epithelial  cells,  which  are  also  continued  on  to  the 
inner  surface  of  the  fringe  processes.  The  motion  of  the  cilia 
is  always  towards  the  uterine  cavity.  The  mucous  membrane 
is  continuous  with  that  lining  the  uterus,  and  at  the  edge  of 
the  fringes  with  the  peritoneum.  The  peritoneal  cavity  in  this 


VISCERA  OF  THE  BODY. 


259 


way  communicates  with  the  cavity  of  the  uterus,  and  through 
it  with  the  vagina  and  exterior  of  the  body ; it  is  not,  therefore, 
a completely  shut  sac  iii  the  female. 

The  Ovaries. — The  Ovaries  are  the  organs  which  form 
the  ova.  Each  ovary  hangs  from  the  posterior  surface  of  the 
broad  ligament  and  is  connected  with  the  uterus  by  a special 
ligament  (ovarian  ligament),  and  with  the  Fallopian  tube  by 
the  tubo-ovarian  ligament.  It  is  oval  in  shape,  of  a whitish 
colour,  and  generally  shows  little  cicatricial  depressions  (cor- 
pora lutea)  on  its  surface,  where  the  vesicles  containing  the 
ova  have  been  ruptured. 

Structure. — The  ovum  has  externally  a covering  of  cells 
continuous  with  those  of  the  peritoneum,  but  differing  from 
the  cells  of  the  latter  in  being  columnar  or  prismatic  instead 
of  squamous;  the  surface  in  consequence  presenting  a dull 
appearance  instead  of  the  shining  character  a serous  membrane 
generally  has.  These  cells  are  described  as  germ  epithelium, 
because  it  is  believed  that  they  penetrate  to  the  interior  of  the 
organ,  and  there  give  origin  to  the  ova  and  their  vesicles. 

Beneath  the  epithelial  layer  is  a strong  fibrous  capsule,  the 
tunica  albuginea,  similar  to  the  structure  of  the  same  name 
in  the  testicle. 

The  mass  of  the  ovary  is  composed  of  white  fibrous  tissue, 
mixed  with  elastic  tissue,  and  containing  an  unusual  proportion 
of  nuclei.  In  this  stroma,  spherical  vesicles  known  as  the 
Graafian  vesicles  are  everywhere  distributed.  Those  imme- 
diately beneath  the  surface  are  usually  small,  and  those  in  the 
centre  are  less  numerous  but  much  larger.  It  will,  however, 
commonly  be  found  that  one  (or  more)  of  the  larger  ones  has 
got  near  to  the  surface  by  pushing  aside  the  small  vesicles,  and 
that  the  tissues  over  it  are  undergoing  thinning.  Had  the 
ovum  remained  in  the  living  body  the  vesicle  would  in  a short 
time  have  burst,  and  extruded  its  contents  on  to  the  free  sur- 
face of  the  ovary. 

Each  Graafian  vesicle  has  around  it  a little  thickened 
stroma  (the  fibrous  tunic),  and  within  this  a lining  of  epithelial 
cells.  The  cavity  is  occupied  by  a small  (piantit}^  of  fluid. 
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crowded  with  epithelial  cells;  and  the  latter  are  especially 
thickly  heaped  together  at  one  part  to  form  an  eminence,  the 
germinal  eminence.  In  the  midst  of  these  heaped-iip  cells  is 
a small  spheroidal  nucleated  cell,  the  ovum. 

Ovum. — The  ovum  measures  about  of  an  inch  in  diameter. 

It  has  a definite  cell- wall,  the  vitelline  membrane ; cell-contents 
called  the  yelk  or  vitellus;  a nucleus,  the  germinal  vesicle, 
and  inside  this  a nucleolus,  the  germinal  spot.  When  the  ovum 
is  extruded  from  the  ovary,  by  the  rupture  of  the  Graafian 
vesicle,  it  is  received  into  the  expanded  end  of  the  Fallopian 
tube,  in  consequence  of  the  fringes  of  the  latter  being  applied 
to  the  external  surface  of  the  ovary.  After  the  ovum  is  thus 
expelled,  the  ruptured  vesicle  is  filled  with  blood  which  in  a 
few  days  becomes  of  a yellow  colour,  and  hence  the  name  of 
corpus  luteum  (yellow  body)  is  given  to  the  remains  of  the 
Graafian  vesicle. 

The  ovary  is  supplied  with  blood  by  the  ovarian  and  uterine 
arteries  and  with  nerve  filaments  by  the  sacral  and  sympathetic 
nerves. 

External  Organs  in  the  Female  -Mons  Veneris. — At 

the  lower  part  of  the  abdomen,  covering  the  pubes,  is  a mass 
of  fat  and  fibrous  tissue,  clothed  with  skin  supplied  by  a thick 
tuft  of  hairs,  and  is  named  the  Mons  Veneris.  It  receives 
the  terminal  extremities  of  the  two  round  ligaments  of  the 
uterus. 

The  Labia  Majora  (greater  lips)  are  two  folds  of  skin,  placed 
one  at  the  inner  side  of  each  thigh  at  its  junction  with  the  body, 
and  enclosing  the  genital  opening.  They  contain  areolar 
tissue  and  fat,  and  are  covered  on  their  outer  surface  with  hair 
continued  on  to  them  from  the  mons  Veneris.  The  urino- 
sexual fissure  within  them  is  called  the  Vulva.  The  joining  of 
the  greater  lips  in  front  is  called  the  anterior  commissure,  and 
that  behind  the  posterior  commissure  ; within  the  latter  is  a 
small  transverse  fold,  the  fourchette,  and  internally  to  this  a 
depression,  the  fossa  navicularis.  Behind  the  posterior  com- 
missure a thick  mass  of  tissue  covered  with  skin  intervenes 
between  the  vulva  and  anus,  it  is  the  surface  part  of  the  sep- 
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turn  between  the  rectum  and  vagina,  and  is  named  the  perineai 
body,  but  by  the  accoucheur  is  called  the  perineum. 

Inside  the  greater  lips  are  two  smaller  folds,  the  Labia 
Minora  or  Nymphse.  AVithin  the  anterior  commissure  they 


divide  into  two  processes,  which  surround  the  extremity  of  the 
clitoris  and  constitute  its  prepuce.  As  they  pass  backwards 
they  diminish  in  size,  and  finally 
are  lost  in  the  sides  of  the  open- 
ing of  the  vagina. 

The  Clitoris  is  representative 
in  the  female  of  the  penis  in  the 
male,  and  is  placed  immediately 
behind  the  anterior  commissure. 

It  arises  by  two  processes  (crura 
clitoridis)  from  the  pubic  arch; 
these  unite  to  form  a corpus 
cavernosum,  and  the  organ  ter- 
minates in  a highly -sensitive 
glans  similar  to  that  of  the  penis. 

Below  the  clitoris  is  a trian- 
gular area,  called  the  vestibule, 
bounded  on  each  side  by  the 
labia  minora  and  behind  by  the 
opening  of  the  vaginal  canal. 

It  is  covered  by  mucous  mem- 
brane, and  has  near  its  centre 
the  opening  of  the  urethra,  the 
meatus  urinarius.  To  find  the  urethral  opening  and  intro- 
duce the  catheter,  the  tip  of  the  index  finger  should  be  intro- 
duced into  the  aperture  of  the  vagina,  and  then  drawn  a little 
forwards;  the  opening  will  then  l)e  distinguished  as  a ring  with 
a slightly-raised  edge,  and  the  catheter  can  be  made  to  slide 
along  the  finger  to  the  aperture.  This  can,  with  a little  prac- 
tice, be  accomplished  beneath  the  bed-clothes,  and  Avithout  any 
exposure  of  the  patient. 

Behind  the  vestibule  is  the  opening  of  the  vagina,  Avhich  is 
a vertical  slit  with  the  sides  in  loose  contact.  In  children  this 


Fig.  174.— External  Genital  Organs  of  the 
Female. 

1,  Mons  Veneris;  2,  anterior  commissure ; 3, 
labium  major  ; 4,  nympha ; 5,  clitoris ; 6, 
urethra ; 7,  hymen ; 8,  vagina ; 9,  fossa 
iiavicularis ; 10,  posterior  commissure. 
[Thomas.J 
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is  guarded  by  a partial  septum  of  mucous  membrane,  the 
hymen,  forming  most  frequently  either  a semilunar  fold  or  a 
circular  one  with  a hole  in  the  centre.  After  the  hymen  is 
ruptured  the  remains  of  it  are  seen  as  a fringe  of  papillse  at  the 
sides  of  the  vaginal  entrance;  these  have  received  the  name  of 
earunculae  myrtiformes. 

The  mucous  membrane  of  the  vulva  is  composed  of  areolar 
and  elastic  tissue,  devoid  of  fat,  and  supplied  very  freely  with 
blood-vessels.  Its  epithelium  is  stratified,  the  surface  cells 
being  squamous  and  of  very  large  size.  In  the  vestibule  and 
clitoris  there  are  venous  masses  and  cavernous  spaces,  repre- 
senting the  erectile  tissue  of  the  male  organs.  On  each  side 
of  the  opening  of  the  vagina  is  a small  gland,  corresponding  to 
Cowper’s  glands  in  the  male;  they  are  called  the  glands  of 
Bartholin  or  Duvernay.  On  the  inner  surface  of  the  lesser 
and  greater  labia,  around  the  urethral  opening,  and  at  the 
vaginal  entrance  are  sebaceous  glands,  and  mucous  glands  are 
found  in  the  vestibule  and  vagina. 

Nerves  are  freely  supplied  to  these  parts  by  the  sympathetic 
and  sacral  nerves. 

Mammary  Glands. — The  mammary  or  milk  glands,  two 

in  number,  are  placed  on  the  front  of  the  chest  wall,  on  the 
surface  of  the  pectoralis  major  muscles,  and  occupy  in  the 
female  the  interval  between  the  second  and  sixth  intercostal 
spaces.  Each  gland  is  embedded  in  fat,  and  enclosed  by  a 
strong  sheet  of  superficial  fascia:  it  is  rather  elliptical  in  shape, 
the  long  axis  corresponding  to  the  line  of  the  fibres  of  the 
pectoral  muscle.  The  left  is  usually  rather  larger  than  the 
ritrht. 

o 

In  the  centre  of  the  convex  exterior  of  the  gland  is  a conical 
elevation,  the  nipple  (maniilla),  and  around  it  a ring  of  modi- 
fied skin,  the  areola.  The  colour  of  the  areola  is  pale  pink  in 
the  virgin,  but  after  conception  it  assumes  a brownish  tint, 
and  retains  that  hue  throughout  the  remainder  of  life.  The 
surface  of  the  areola  is  slightly  raised  here  and  there  in  conse- 
quence of  the  presence  of  numerous  sebaceous  follicles.  These 
become  especially  active  during  pregnancy  and  lactation,  their 
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secretion  serving  to  lubricate  the  nipple  and  parts  around. 
The  apex  of  the  nipple  has  numerous  openings  for  the  termina- 
tions of  the  galactophorous  or  milk  ducts.  They  lie  between 
fine  papillae,  with  which  the  nipple  is  studded.  Structurally, 
the  nipple  consists  of  the  milk  ducts  and  of  areolar  unstriped 
muscular  tissue,  the  latter  conferring  on  it  the  power  of  con- 
traction. 

Structure  of  the  Mammary  Gland. — The  breast  is  a racemose 
gland,  composed  of  from  15  to  25  lobes,  held  together  by  con- 
nective and  adipose  tissue.  The 
lobes  are  of  irregular  size  and  sha})e, 
and  are  made  up  of  smaller  lobules, 
and  these  in  turn  are  formed  of 
gland  vesicles  or  alveoli.  Each 
vesicle  is  about  of  an 
inch  in  diameter,  and  is  lined  by 
cubical  or  columnar  epithelial  cells, 
varying  greatly  in  their  size  and 
appearance  as  the  gland  is  active 
or  cjuiescent.  The  vesicles  oi)en 
into  gland  ducts,  and  these  join  to 
form  larger  ones,  the  largest  receiv- 
ing the  name  of  galactophorous 
ducts,  and  terminating  on  the  sur- 
face of  the  nipide.  The  terminal  the  lining  cells  and  capillary  vessels. 
, , , , , IWilson.] 

ducts,  as  they  pass  l)eneath  the 

areola,  become  dilated  so  as  to  form  elongated  sacs,  each  of 
which  is  called  an  ampulla. 

The  secretion  of  milk  takes  place  by  the  cells  lining  the 
gland  vesicles  having  oil-globules  formed  in  them.  The  cells 
become  detached  in  consequence  of  new  ones  being  formed 
beneath  them,  and  on  being  set  free  burst  and  extrude  their 
oil-globules,  now  become  milk-globules.  The  latter  float  in  a 
fluid,  the  milk-plasma,  the  two  together  constituting  the 
milk. 

The  foregoing  particulars  relate  to  the  female  breast.  In 
the  male  the  organ  is  quite  rudimentary,  and  does  not  measure 


Fig.  175.— Glaud  Vesicles  of  the  Mam- 
marv  Gland  diiriiiif  Ijac^tiition.  showincr 
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more  than  one  or  two  inches  in  breadth  and  a quarter  of  an 
inch  in  thickness.  It  is  not  lobulated,  and  the  ducts  do  not 
form  ampullary  dilatations. 

The  blood  supply  of  the  breast  is  derived  from  branches  of 
the  axillary,  intercostal,  and  internal  mammary  arteries.  The 
distribution  to  the  female  breast  is  a very  free  one,  especially 
dining  the  period  of  commencing  lactation.  The  lymjihatic 
vessels  terminate  in  the  glands  of  the  arm-pit,  but  also  form 
communications  with  the  lymphatics  in  the  chest,  through  the 
intercostal  spaces. 


GLOSSARY. 


Abdomen  (Lat.  ahdo,  I conceal).  The  lower  cavity  of  the  trunk,  containing 
the  alimentary  canal,  liver,  &c. 

Abductor  (Lat.  abduco,  1 draw  from).  A muscle  which  draws  a limb  from 
the  mid-line  of  the  body,  or  a finger  or  toe  from  the  mid-line  of  the 
foot  or  hand. 

Acetabulum  (Lat.  acetabulum,  a small  vinegar-cup).  The  cup -shaped 
cavity  on  the  innominate  bone  for  receiving  the  head  of  the  femur. 

Acromion  (Gk.  &Kpov,  the  tip,  and  S)fxos,  the  shoulder).  The  part  of  the 
scapula  forming  the  tip  of  the  shoulder. 

Adductor  (Lat.  adduco,  I draw  to).  A muscle  which  draws  towards  the 
middle  line  of  the  body,  or  of  the  hand  or  foot. 

Afferent  (Lat.  ad,  to,  and  fcro,  I convey).  Ve.ssels  or  nerves  carrying  the 
contents  or  impulses  from  the  peripher}^  to  the  centre. 

Amoeboid  (Gk.  I change,  and  eldos,  like).  Motion  similar  to  that  of 

the  Amoeba. 

Amphiarthrosis  (Gk.  aficfjl,  both,  and  apdpbv,  a joint).  An  articulation  with 
limited  motion  due  to  the  elastic  connecting  substance,  such  as  that 
between  the  bodies  of  the  vertebrae. 

Ampulla  (Lat.  ampidla,  a wine-flask).  The  dilated  part  of  the  semicircular 
canals  of  the  internal  ear. 

Anastomosis  (Gk.  avd,  by,  and  ardp-a,  a mouth).  The  intercommunication 
of  vessels. 

Angeiology  (Gk.  dyyeiou,  a vessel,  and  \6yos,  a treatise).  The  description 
of  vessels. 

Antrum  (Lat.  antrum,  a cave).  The  cavity  in  the  upper  jaw. 

Anus  (Lat.  anus,  an  opening).  The  termination  of  the  large  bowel,  serving 
as  an  outlet  for  the  faeces. 

Aorta  (Gk.  doprrjp,  a strap  to  hang  anything  to).  The  main  artery  of  tlie 
body,  proceeding  from  the  heart. 

Appendices  epiploicae.  Little  pellets  of  fat  attached  to  the  large  intestine. 

Arachnoid  (Gk.  dpdxvrj,  a spider’s  web,  and  dbos,  like).  The  middle  mem- 
brane of  the  brain  and  spinal  cord. 

Areolae  (Lat.  dim.  of  area,  a void  space).  Interstices  in  fibrous  tissue. 

Artery  (Gk.  d-qp,  air,  and  TTjpeoo,  I keep).  A vessel  carrying  blood  from 
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the  heart.  So  called  because  the  ancients  supposed  the  arteries  to 
carry  the  “ vital  spirits 

Arthrodia  (Gk.  apdpov,  a joint).  A gliding  joint. 

Arthiology  (Gk.  apdpbv,  a joint,  and  \6yos,  a discourse).  A treatise  on 
joints. 

Articulation  (Lat.  articulus,  a joint).  The  union  of  bones  to  form  joints. 

Arytenoid  (Gk.  apvraLva,  a pitcher,  and  e?Sos,  like).  Two  cartilages  of  the 
larynx  are  so  called,  because  together  the}^  are  supposed  to  resemble 
the  mouth  of  a pitcher. 

Astragalus  (Gk.  aarpayaXos,  a die).  One  of  the  tarsal  bones. 

Atlas  (Gk.  rXdo;,  I support).  The  vertebra  supporting  the  head. 

Auditory  (Lat,  audio,  I hear).  Belonging  to  the  ear. 

Auricle  (Lat.  auricula,  a little  ear). 

Azygos  (Gk.  a,  without,  and  ^vyos,  a yoke).  Without  fellow;  not  paired. 

Basilar  (Lat,  basis,  a base).  Belonging  to  the  base  of  the  skull  or  brain. 

Basilic  (Gk.  ^aaiXiKds,  royal).  Chief. 

Biceps  (Lat.  his,  twice,  and  caput,  a head).  Having  two  heads. 

Bicuspid  (Lat.  his,  twice,  and  cuspis,  a spear).  Having  two  tubercles. 

Brachial  (Lat,  hrachium,  an  arm).  Belonging  to  the  arm. 

Bronchi  (Gk.  ^pdyxos,  the  windpipe).  The  air  tubes  passing  to  the  lungs. 

Buccinator  (Lat.  huccina,  a trumpet).  The  trumpeter’s  muscle, 

Bursa  (Lat.  hursa,  a sac).  A closed  sac  contaiidng  fluid,  used  to  modify 
pressure. 

CsBCum  (Lat.  ccecus,  blind).  The  expanded  commencement  of  the  large 
intestine. 

Calices  (Lat,  calix,  a cup).  The  cup-like  cavities  into  which  the  papillae 
of  the  kidney  are  received. 

Canaliculus  (Lat.  dim.  of  canalis,  a canal).  The  minute  canals  in  bone, 
and  the  passages  to  carry  away  the  tears  are  so  called. 

Cancelli  (Lat.  cancelli,  lattices).  The  spongy  structure  of  bone. 

Canine  (Lat.  canis,  a dog).  The  caniiie  teeth  are  very  largely  developed  in 
the  dog  tribe. 

Capillaries  (Lat.  capillus,  a hair).  The  minute  blood-vessels  traversing 
the  tissues. 

Capsule  (Lat,  capsula,  a little  box).  The  membrane  enclosing  an  organ. 

Cardiac  (Gk.  Kapdca,  the  heart).  Belonging  to  the  heart. 

Carotid  (Gk.  Kapbco,  I induce  sleep).  Pressure  on  the  carotid  arteries 
produces  sleep. 

Carpus  (Gk.  Kapirbs,  the  wrist).  The  bones  of  the  wrist. 

Caruncula  (Lat.  dim.  of  caro,  flesh).  A little  fleshy  prominence. 
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Cauda  equina  (Lat.,  a horse’s  tail).  The  nerves  given  off  from  the  lovi^er 
end  of  the  spinal  cord. 

Cavernous  (Lat.  cavus,  hollow). 

Cementum  (Lat.  cementu7n,  a rough  stone).  The  substance  covering  the 
fang  of  a tooth. 

Cephalic  (Gk.  KecpaX^,  the  head).  Belonging  to  the  head. 

Cerebellum  (dim.  of  cerebrum).  The  lesser  brain. 

Cerebrum  (Lat.,  the  brain).  The  greater  brain. 

Cervix  (Lat.  cervix,  the  neck).  Cervical,  belonging  to  the  neck. 

Choroid  (Gk.  xoptor,  the  chorion,  and  dbos,  like).  The  vascular  coat  of  the 
eye. 

Chyle  (Gk.  xOXoj,  juice).  The  fluid  resulting  from  digestion,  and  absorbed 
by  the  lymphatics  of  the  small  intestine. 

Ciliary  (Lat.  cilium,  an  eyelash).  Belonging  to  the  eye  or  its  appendages. 

Circumduction  (Lat.  circum,  around,  and  duco,  I lead).  The  motion  of  a 
limb  in  describing  a circle. 

Circumvallate  (Lat.  circmnvallatus,  trenched  around). 

Clavicle  (I  jat.  Claris,  a key).  The  collar-bone. 

Clitoris  (Gk.  kXcLco,  I enclose).  The  female  organ  corresponding  to  the 
penis  in  the  male. 

Coccyx  (Gk.  kokkv^,  a cuckoo).  The  tail-bone. 

Cochlea  (Gk.  koxXos,  a spiral  shell).  Part  of  the  internal  ear. 

Coeliac  (Gk.  KotXia,  the  belly).  Belonging  to  the  belly. 

Colon  (Gk.  KwXou,  the  colon).  The  large  intestine. 

Condyle  (Gk.  KovdvXos,  a knuckle). 

Conjunctiva  (Lat.  corijungo,  I join).  The  mucous  membrane  of  the  eyelids 
and  eyeball. 

Constrictor  (Lat.  constrmgere,  to  bind  tightly  together). 

Coracoid  (Gk.  Kopa^,  a raven,  and  ethos,  like).  A process  of  the  scapula. 

Corium  (Gk.  leather).  The  deep  layer  of  the  skin. 

Cornea  (Lat.  corneus,  horny).  The  clear  anterior  part  of  the  eye. 

Cornua  (Lat.  cornu,  a horn).  Processes  which  project  like  horns. 

Corpus  (Lat.,  a body).  Examples:  (Corpus  callosum  (Lat.  callus,  hard); 
Corpus  cavernosum  (Lat.  caverna,  a cavern) ; Corpus  spongiosum 
(Lat.  spongia,  a sponge);  Corpus  striatum  (Lat.  stria,  a streak). 

Corpuscle  (Lat.  corpusculurn,  a little  body). 

Corrugator  (Lat.  corrugare,  to  wrinkle). 

Cortex  (Lat.  cortex,  a rind).  The  outer  layers  of  an  organ. 

Costal  (Lat.  costa,  a rib).  Belonging  to  the  ribs. 

Cotyloid  (Gk.  kot^Xt],  a cup,  and  ethos,  like).  The  acetabulum  is  called 
also  the  cotyloid  cavity. 

Cranium  (Gk.  Kpavcov,  the  skull). 
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Cremaster  (Gk.  Kpeixd(o,  I suspend).  The  suspensory  muscle  of  the 
testicle. 

Cribriform  (Lat.  crihi'um,  a sieve,  and  forma,  like).  Sieve-like, 

Cricoid  (Gk.  KpiKos,  a ring,  and  eldos,  like).  The  name  of  one  of  the 
cartilages  of  the  larynx. 

Crus  (Lat.  C7'iis,  a leg).  From  the  same  root  we  have  crural  and  crureus. 

Cuboid  (Gk.  kI>^os,  a cube,  and  eldos,  like).  Cube-shaped. 

Cuticle  (Lat.  cuticula,  dim.  of  cutis,  the  skin).  The  surface  layer  of  the 
skin. 

Cystic  (Gk.  kvctls,  a bladder  or  bag).  Belonging  to  the  urinary  or  gall 
bladder. 

Deglutition  (Lat.  deglutire,  to  swallow).  The  act  of  swallowing. 

Deltoid.  Like  the  Greek  letter  Delta  (A). 

Dentine  (Lat.  dens,  a tooth).  The  tissue  forming  the  greater  part  of  a 
tooth. 

Derma  (Gk.  dipga,  the  skin).  The  deep  layer  of  the  skin. 

Diaphragm  (Gk.  dLa(ppaypia,  a partition).  The  midriff,  or  muscular  septum 
between  the  abdomen  and  thorax. 

Diarthrosis  (Gk.  dia,  through,  and  dpdpbu,  a joint).  A movable  joint. 

Digastric  (Gk.  dls,  twice,  and  yaaTTjp,  a belly).  Two-bellied. 

Diploe  (Gk.  dnrXovs,  double). 

Duodenum  (Lat.  duodeni,  twelve).  The  first  part  of  the  small  intestine. 

Dura  mater  (Lat.  dura,  hard,  and  mater,  mother).  The  outer  membrane 
of  the  brain. 

Enamel  (Gk.  ev,  in,  and  Fr.  email).  The  substance  forming  the  crowns  of 
the  teeth. 

Enarthrosis  (Gk.  ev,  in,  apdpbv,  a joint).  A ball-and-socket  joint. 

Endocardium  (Gk.  ’evdov,  within,  and  Kapdia,  the  heart).  The  membrane 
lining  the  interior  of  the  heart. 

Endothelium  (Gk.  ^vdov,  within,  and  dyfKT],  papilla).  The  cells  lining  the 
serous  cavities  and  blood-vessels. 

Ensiform  (Lat.  ensis,  a sword,  and  forma,  shape). 

Epidermis  (Gk.  eirl,  upon,  and  dipfxa,  the  skin).  The  scarf-skin. 

Epididymis  (Gk.  eiri,  upon,  and  didvpios,  the  testicle). 

Epigastrium  (Gk.  ewl,  upon,  and  yaarrip,  stomach).  The  upper  of  the 
three  middle  regions  of  the  abdomen. 

Epiglottis  (Gk.  eirl,  upon,  and  yXQrris,  the  glottis).  The  little  lid  which 
covers  the  entrance  to  the  air  passages  during  swallowing. 

Epiphysis  (Gk.  eTrl,  upon,  and  (pvco,  I grow).  The  ends  of  long  bones 
formed  by  separate  centres  from  those  of  the  shafts. 
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Epithelium  (Gk,  eirl,  upon,  and  papilla).  The  layers  of  cells  on  the 

surface  of  skin  and  mucous  membrane. 

Erector  (Lat.  erujere,  to  raise). 

Ethmoid  (Gk.  -fjOimos,  a sieve,  and  eTSos,  like).  One  of  the  bones  of  the 
skiill. 

Extensor  (Lat.  extendere,  to  stretch  around). 

Fallopian  tubes.  The  oviducts;  so  named  from  Fallopius,  the  anatomist 
who  first  described  them. 

Fascia  (Lat.  fascia,  a bundle),  A sheet  formed  of  fibrous  tissue. 

Fauces  (Lat.  plural  of  faux,  the  throat).  The  oj)ening  between  the  mouth 
and  throat. 

Femur  (Lat.  femur,  the  thigh).  The  thigh-bone. 

Fibula  fihula,  a clasp).  The  small  bone  of  the  leg. 

Fimbriae  (Lvit.  fimbrke,  fringes).  The  fringes  of  the  Fallopian  tube. 

Flexor  {JjdX.  flcctere,  to  bend). 

Follicle  (liat.  dim.  oi  foUis,  a bag).  Little  sacs  with  open  mouths. 

Foramen  (Lat.  foramen,  a hole). 

Fornix  (Lat.  fornix,  an  arch  or  vault).  An  arched  commissure  of  the 
brain. 

Fourchette  [Yr.  fourchctte,  a fork).  A fold  of  mucous  membrane  connect- 
ing the  two  labia  majora  posteriorly. 

Fundus  (Lat,  fundus,  the  bottom).  The  base  of  an  organ. 

Fungiform  {JjSit.  fungus,  and /or/na,  shape), 

Galactophorous  (Gk.  7dXa,  milk,  and  cpopicn,  I carry).  The  milk  ducts. 

Ganglion  (Gk.  ydyyXiov,  a tumour  or  enlargement).  A nerve-centre. 

Gastric  (Gk.  yaarrip,  the  belly).  Connected  with  the  stomach. 

Gastrocnemius  (Gk.  yaarrip,  the  belly,  and  KvrjpLr),  the  leg).  The  muscle 
forming  the  calf  or  bellied  part  of  the  leg. 

Gemellus  (Lat,  dim,  oi  geminus,  double).  Twin  muscles. 

Ginglymus  (Gk.  yiyyXvgos,  a hinge).  A hinge-joint. 

Gians  (Lat.  glans,  an  acorn).  The  extremity  of  the  penis  or  clitoris. 

Glenoid  (Gk.  yX^vg,  a socket,  and  ethos,  like).  The  socket  for  the  condyle 
of  lower  jaw,  and  that  for  the  head  of  the  humerus,  are  so  named. 

Glomerulus  (Lat.  dim.  of  glomus,  a ball  of  thread).  The  vascular  tufts  of 
the  kidney. 

Glosso-  (Gk.  y\C)aaa,  the  tongue).  This  prefix  indicates  that  the  structure 
named  is  connected  with  the  tongue. 

Glottis  (Gk.  yXQrrLs).  The  opening  of  the  larynx. 

Gluteus  (Gk.  yXovrSs,  the  buttock).  Muscles  of  the  buttock  have  this 
name. 
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Gomphosis  (Grk.  y6/x(pos,  a nail).  A nail-like  articulation. 

Gustatory  (Lat.  gusto,  I taste).  Connected  with  taste. 

Haemorrhoidal  (Gk.  alga,  blood,  and  pioj,  I flow).  Term  applied  to  those 
vessels  which  bleed  in  piles. 

Haversian.  Canals  in  bone  are  called  Haversian  because  first  described  by 
an  anatomist  named  Havers. 

Hepatic  (Gk.  rjiraTtKos,  of  the  liver).  Belonging  to  the  liver. 

Hilus  (Lat.  hio,  I open).  A groove  or  fissure  in  an  organ. 

Histology  (Gk.  iaros,  a web,  and  X070J,  a treatise).  The  study  of  the 
minute  structure  of  tissues. 

Hyaline  (Gk.  i^aXos,  glass).  Translucent  and  apparently  structureless. 
Hyoid  (Gk.  v,  upsilon,  and  eTdos,  like).  The  bone  of  the  tongue. 

Hypochondrium  (Gk.  vtt6,  under,  and  x6r5pos,  cartilage).  The  region  of 
the  abdomen  situated  under  the  cartilages  of  the  lower  ribs. 

o 

Hypogastric  (Gk.  virb,  under,  and  yaaTrjp,  the  stomach).  The  region  at 
the  lower  part  of  the  belly. 

Hypoglossal  (Gk.  virb,  under,  and  yXGxxaa,  the  tongue).  Beneath  the 
tongue. 

Ileum  (Gk.  efX^w,  I roll  up).  The  lower  three-fifths  of  the  small  intestine. 
Iliac  (Lat.  iUa,  the  flanks).  Belonging  to  the  flanks. 

Infraorbital  (Tiat.  infra,  beneath,  and  orbs,  a circle).  Beneath  the  orbit. 
Inguinal  (Lat.  ingucn,  the  groin).  Belonging  to  the  groin. 

Inosculation  (Lat.  in,  in,  and  oscidum,  a little  mouth).  The  communica- 
tion of  vessels. 

Integument  (Lat.  in,  in,  and  tego,  I cover).  The  skin. 

Iris  (Gk.  ipLs,  the  rainbow).  The  coloured  part  of  the  eye. 

Ischium  (Gk.  icr-xlov,  the  hip).  The  hip-bone.  Tschiatic. 

Jejunum  (Lat.  jejunus,  empty).  The  upper  two-fifths  of  the  small  intestine. 
Jugular  (Lat.  jugulum,  the  throat).  Veins  of  the  throat. 

Labia  (Lat.  pi.  of  labium,  a lip).  Lips. 

Labyrinth  (Gk.  Xa^vpivOos,  a maze).  The  internal  ear. 

Lachrymal  (Lat.  lachryma,  a tear).  Pertaining  to  the  tears. 

Lacunse  (Lat.  dim.  of  lacus,  a lake).  Small  cavities  in  bone. 

Lambdoidal  (Gk.  A,  lambda,  and  eXbos,  like). 

Larynx  (Gk.  Xdpw^,  the  larynx).  The  voice-box. 

Levator  (Lat.  levare,  to  lift  up).  A muscle  which  raises  any  pr.i’t. 
Ligament  (Lat.  ligare,  to  bind). 

Linea  aspera  (Lat.  linea,  a line,  and  asper,  rough) 
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Lingual  (Lat.  lingua,  the  tongue).  Belonging  to  the  tongue. 

Lumbricales  (Lat.  himbricus,  an  earth-worm).  Little  muscles  connecting 
the  flexor  and  extensor  tendons  of  the  fingers. 

Lymph  (Lat.  lympha,  water).  The  clear  fluid  contained  in  the  lymphatic 
vessels.  Hence  lymphatic. 

Malar  (Lat.  mala,  the  cheek).  The  cheek-bone. 

Malleolar  (Lat.  malleolus,  dim.  of  malleus,  a hammer).  Belonging  to  the 
projections  of  bone  at  the  ankle. 

Malleus  (Lat.  malleus,  a hammer).  One  of  the  bones  of  the  micklle  ear. 

Masseter  (Gk.  yaaffdoyaL,  I chew).  One  of  the  muscles  of  mastication. 

Mastoid  (Gk.  yaaros,  a breast,  and  eZSos,  like).  A prominence  resembling 
the  nipple. 

Maxillary  (Lat.  maxilla,  the  cheek-bone).  Belonging  to  the  jaws. 

Meatus  (Lat.  meatus,  a passage). 

Medulla  (Lat.  medius,  middle).  Marrow. 

Meninges  (Gk.  ygviy^,  a membrane).  The  membranes  of  the  brain. 

Mental  (Lat.  mentum,  the  chin).  Belonging  to  the  chin. 

Mesentery  (Gk.  y^cros,  middle,  and  ivrepop,  the  intestine).  The  fold  of 
peritoneum  which  attaches  the  small  bowel  to  the  posterior  abdominal 
wall. 

Meta-  (Gk.  yerd,  beyond).  Used  in  metatarsus,  metacarpus. 

Molar  (Lat.  mola,  a millstone).  Grinding  teeth. 

Mons  Veneris  (Lat.  mountain  of  Venus).  The  pad  of  fat,  &c.,  over  the 
pubes  of  the  female. 

Mylo-hyoid  (Gk.  yoXy,  a millstone).  A muscle  attached  to  the  lower  jaw 
(part  of  the  mill)  and  the  hyoid  bone. 

Myoides  (Gk.  /xOs,  a muscle,  and  etdos,  like).  Used  in  platysnm  myoides. 

Nares  (Lat.  nares,  the  nostrils).  The  apertures  of  the  nose. 

Nasal  (Lat.  nasus,  the  nose).  Belonging  to  the  nose. 

Navel  (Sax.  nafela,  from  nafa,  the  nave  of  a wheel). 

Navicular  (Lat.  navicula,  a small  ship).  Equivalent  to  scaphoid. 

Neurolemma  (Gk.  vevpov,  a nerve,  and  \eyya,  a skin).  The  primitive  sheath 
of  nerve  fibre. 

Nucleus  (Lat,  micleus,  a kernel).  The  central  spot  in  a cell. 

Nymphse  (Nu^0ai,  nymphs).  The  lesser  folds  bordering  the  genital  fissure. 

Obturator  (Lat.  ohturo,  I stop  up).  An  opening  in  the  innominate  bone, 
nearly  closed  by  membrane. 

Occiput  (Lat.  oh,  caput,  at  the  back  of  the  head). 

Odontoid  (Gk.  65oi)s,  a tooth,  ajid  elSos,  like).  The  tooth-like  process  of 
the  axis. 
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(Esophagus  (Grk.  ol'w,  oi'crco,  I carry,  and  (payeiv,  to  eat).  The  gullet. 

Olecranon  (Gk.  (hXhrj,  the  elbow,  Kpavov,  the  head).  The  tip  of  the  elbow. 

Olfactory  (Lat.  olfacere,  to  smell).  Belonging  to  the  sense  of  smell. 

Omentum  (Lat.  omentum,  the  caul,  wherein  the  bowels  are  wrapped). 

Ophthalmic  (Gk.  ocpdoXfios,  the  eye).  Belonging  to  the  eye. 

Optic  (Gk.  oTTTOfxai,  to  see).  Belonging  to  sight. 

Orbicular  (Lat.  orbiculus,  a little  orb).  Forming  a sphere  or  a ring. 

Os  (gen.  oris).  The  mouth. 

Os  (gen.  ossis).  A bone. 

Os  calcis  (Lat.  os,  a bone,  and  calx,  the  heel).  The  heel-bone. 

Osteoblasts  (Gk.  dariov,  bone,  and  jSXacrros,  a germ).  The  formative  cells 
of  bone. 

Osteoclasts  (Gk.  dareov,  bone,  and  K\dio,  I break).  The  destructive  cells 
of  bone. 

Osteology  (Gk.  dar^ov,  a bone,  and  \6yos,  a treatise).  The  study  of  bones. 

Ovarian  (Lat.  ovum,  an  egg).  Belonging  to  the  ovary. 

Ovum  (Lat.  ovum,  an  egg). 

Pancreas  (Gk.  irdv,  all,  and  Kpias,  flesh).  The  sweet-bread. 

Papillse  (Lat.  jpapUUe,  teats).  The  small  conical  eminences  on  the  tongue, 
and  in  the  deep  layer  of  the  skin. 

Parietal  (Lat.  jyaries,  a wall).  Lateral  bones  of  the  vault  of  the  skull. 

Parotid  (Gk.  irapa,  beside,  and  oils,  tlie  ear).  The  salivary  gland  placed 
between  the  ear  and  the  lower  jaw. 

Patella  (Jjat.  patella,  a small  pan).  The  knee-pan. 

Pectineal  (Lat.  p>ecten,  the  pubic  bone).  A line  on  the  pubic  bone. 

Pectoralis  (Lat.  pectus,  the  breast).  Two  pairs  of  muscles  on  the  front 
wall  of  the  chest  are  so  named. 

Pelvis  (Lat.  pelvis,  a basin).  The  bony  girdle  containing  the  bladder  and 
internal  organs  of  generation. 

Penis  (Lat.  penis,  a tail).  The  male  organ  of  generation. 

Pericardium  (Gk.  irepi,  around,  and  Kapdia,  the  heart).  The  bag  which 
contains  the  heart. 

Perineum  (Gk.  Trepi,  around,  and  uaiw,  I am  situated).  The  space  between 
anus  and  scrotum,  or  anus  and  vagina. 

Periosteum  (Gk.  irepi,  around,  and  oo-reov,  a bone).  The  membrane  cover- 
ing a bone. 

Peritoneum  (Gk.  irepi,  around,  and  reiVw,  I stretch).  The  lining  membrane 
of  the  abdominal  and  pelvic  cavities. 

Peroneal  (Gk.  irepovij,  the  pin  of  a brooch).  Connected  with  the  fibula. 

Petrous  (Gk.  irerpa,  a rock).  Part  of  the  temporal  bone. 

Peyer’s  patches.  Groups  of  lymphoid  nodules  in  the  small  intestine. 
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Phalanx  (Grk.  (pdXay^,  a rank  of  soldiers).  A bone  of  a finger  or  toe. 
Pharynx  (Gk.  (papw^,  the  throat).  The  food-bag. 

Phrenic  (Gk.  4>p7}v,  the  mind).  Connected  with  the  diaphragm. 

Pia  mater  (Lat.  pia,  tender,  and  mater,  mother).  The  inner  membrane  of 
the  brain. 

Pisiform  (Lat.  pisum,  a pea).  The  smallest  of  the  wrist-bones. 

Pleura  (Gk.  irXevpd,  the  side).  The  membrane  lining  the  chest. 

Pneumogastric  (Gk.  irvevp.cor,  the  lung,  and  yaarrip,  the  stomach).  The 
vagus  nerve  distributed  to  the  lungs  and  stomach. 

Pomum  Adami — Adam’s  Apple  ”.  The  prominence  of  the  thyroid  car- 
tilage of  the  larynx. 

Popliteal  (Lat.  poples,  the  ham).  The  space  at  the  back  of  the  knee. 
Portal  (Lat.  porta,  a gate).  The  vein  carrying  blood  to  the  liver. 

Portio  dura  (Lat.  portio,  a part,  and  dura,  hard).  The  facial  nerve. 
Prepuce  (Lat.  preputium,  the  fore-skin). 

Pronator  (Lat.  pronus,  face  downwards). 

Prostate  (Gk.  irpS,  in  front  of,  and  taTTjpu,  I stand).  A glandular  body 
placed  in  front  of  the  male  bladder. 

Protoplasm  (Gk.  irporos,  first,  and  wXdacro},  I form).  The  material  of 
which  all  active  cells  are  composed. 

Psoas  (Gk.  xj/ba,  the  loin).  A muscle  of  the  loin. 

Pterygoid  (Gk.  Trrepv^,  a wing,  and  elSos,  like).  Wing-like  process. 

Pubes  (Lat.  puhescens,  covered  with  hair). 

Pudic  (Lat,  pudeo,  I am  ashamed). 

Pulmonary  (Lat.  pulmo,  the  lung).  Belonging  to  the  lung. 

Pylorus  (Gk.  rrvXoipbs,  a gatekeeper).  The  lower  opening  of  the  stomach. 

Quadriceps  (Lat.)  Having  four  heads. 

Racemose  (Lat.  racemus,  a cluster  of  grapes).  Clustered. 

Radius  (Lat.  radius,  the  spoke  of  a wheel).  The  outer  bone  of  the  fore- 
arm. 

Ramus  (Lat.  ramus,  a branch). 

Raphe  (Gk.  pacpif],  a seam).  The  line  of  junction  of  two  lateral  parts. 
Rectus,  Rectum  (Lat.  rectus,  straight).  A straight  muscle  or  tube. 

Renal  (Lat.  ren,  the  kidney).  Belonging  to  the  kidney. 

Retina  (Lat.  rete,  a net).  The  nervous  layer  of  the  eye. 

Risorius  (Lat.  video,  I laugh). 

Rugae  (Lat.  ruga,  a wrinkle).  Folds  of  mucous  membrane. 

Sacculus  (Lat.  dim.  of  saccus,  a bag).  A membranous  bag  in  the  internal 
ear. 

(M24) 
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Sacrum  (Lat.  saeris,  sacred). 

Saphena  (Gk.  aacprjvrjs,  manifest).  A large  vein  of  the  leg. 

Sarcolemma  (Gk.  aap^,  flesh,  and  Xefiixa,  a covering).  The  thin  membrane 
enclosing  the  fibre  of  striped  muscle. 

Sartorius  (Lat.  sartor,  a tailor).  A muscle  used  in  crossing  the  legs. 

Scala  (Lat.  scala,  a stair).  Name  given  to  the  passages  in  the  cochlea  of 
the  internal  ear. 

Scalenus  (Gk.  aKaXrivbs,  a figure  having  three  unequal  sides). 

Scaphoid  (Gk.  aKa(pr),  a boat,  and  elSos,  like).  Boat-shaped. 

Scapula  (Gk.  o-Kawdrr],  a spade).  The  shoulder-blade.  ' 

Sciatic.  See  Ischium. 

Sclerotic  (Gk.  aKXepos,  hard).  The  dense  outer  coat  of  the  eye. 

Scrotum  (Lat.  scrotum,  a leather  bag).  The  bag  containing  the  testicles. 

Sebaceous  (Lat.  sebum,  suet).  The  glands  which  lubricate  the  hairs  are 
thus  named. 

Septum  (Lat.  sepio,  I hedge  in).  A partition. 

Serratus  (Lat.  serra,  a saw).  Name  given  to  a muscle  of  the  chest  wall, 
because  the  slips  of  it  resemble  the  teeth  of  a saw. 

Sesamoid  (Gk.  arjadpov,  sesame,  and  ddos,  like).  Bones  contained  in  the 
tendons  of  muscles. 

Sinus  (Tjat.  sinus,  a hollow).  Name  given  to  the  large  veins  in  the 
cranium,  and  also  to  air  cavities  in  the  bones  of  the  skull. 

Skeleton  (Gk.  o-KiXXcj,  I dry).  The  dry  bones, 

Soleus  (Lat.  solca,  a sandal).  A flat  muscle  of  the  calf. 

Spermatozoa  (Gk.  cnrippia,  a seed,  and  ICoov,  an  animal).  The  generative 
cells  of  the  male. 

Sphenoid  (Gk.  acppv,  a wedge,  and  eZSos,  like).  One  of  the  bones  of  the  skull. 

Sphincter  (Gk.  acpLyyoj,  I contract).  Term  applied  to  a muscle  closing  an 
aperture. 

Spleen  (Gk.  airXriv,  the  spleen). 

Squamous  (Lat.  squama,  a scale).  A thin,  scale-like  portion  of  bone. 

Sternum  (Gk.  cTepvov,  the  breast  or  chest).  The  breast-bone. 

Styloid  (Gk.  arOXos,  a style  or  pen,  and  eTdos,  like).  A style-like  process. 

Sublimis  (Lat.  sublimis,  superficial). 

Sudoriferous  (Lat.  sudor,  sweat,  and  fero,  I bear).  Sweat  glands  and 
ducts. 

Supinator  (Lat.  supinus,  lying  face  upwards).  A muscle  which,  by  acting 
on  the  forearm,  causes  the  palm  of  the  hand  to  be  directed  upwards. 

Suture  (Lat.  sutura,  a seam).  The  union  of  the  bones  of  the  skull. 

Symphysis  (Gk.  avr,  together,  and  ^vco,  1 grow).  A joint  in  which  there 
is  little  or  no  movement. 

Synarthrosis  (Gk.  adv,  together,  and  dpOpbv,  a joint).  A joint  in  wdiich 
there  is  no  movement. 
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Synchrondrosis  (Gk.  avu,  together,  and  cartilage).  Union  by 

means  of  cartilage. 

Tarsus  (Gk.  rapaSs,  the  upper  surface  of  the  foot).  The  bones  of  the  back 
part  of  the  foot. 

Temporal  (Lat.  tempnra,  the  temples,  from  tempus,  time).  Belonging  to 
the  temples. 

Tendon  (Lat.  tendere,  to  stretch).  The  fibrous  band  by  which  a muscle  is 
attached  to  a bone. 

Tensor  (Lat.  tendere,  to  stretch).  A muscle  which  puts  a structure  on  the 
stretch. 

Teres  (Lat.  teres,  round). 

Thalamus  (Gk.  6d\ap.os,  a bed). 

Theca  (Gk.  drjKr},  a case).  A sheath  for  the  finger  tendons. 

Thorax  (Gk.  deopa^,  a breast- plate).  The  chest. 

Thymus  (Lat.  thymus,  thyme).  A gland-like  body  found  in  the  lower  part 
of  the  neck  of  young  animals. 

Thyroid  (Gk.  6vpe6s,  a shield,  and  ddos,  like).  Shield-shaped, 

Tibia  (Lat.  tibia,  a pipe  or  flute). 

Trabeculae  (Lat.  dim.  of  t7rdjs,  a beam).  Fibrous  bands  in  the  spleen  and 
other  organs. 

Trachea  (Gk.  rpax^s,  rough).  The  wind-pipe. 

Trapezium,  Trapezius  (Gk.  rpayre^a,  a table).  Having  a tabular  form. 

Triceps  (Lat.  tres,  three,  and  caput,  a head).  Having  three  heads. 

Tricuspid  (Lat.  tres,  three,  and  cuspis,  a point.)  Having  three  points. 

Trigone  (Gk.  rpeZs,  three,  and  ycort'a,  an  angle).  A triangle  at  the  base  of 
the  bladder. 

Trochanter  (Gk.  rpdxdeo,  I roll  or  turn). 

Trochlea  (Gk.  rpoxbs,  a wheel).  A kind  of  pulley. 

Turbinated  (Lat.  turbo,  a top).  Coiled  bones  in  the  nose. 

Ulna  (Gk.  uiKivri,  the  elbow).  The  inner  bone  of  the  forearm. 

Umbilicus  (Lat.  urnbilicus).  The  navel. 

Ureter  (Gk.  ovpioi,  I pass  water).  The  tube  conveying  the  urine  from  the 
kidney  to  the  bladder. 

Urethra  (Gk.  ovpov,  urine).  The  canal  conveying  the  urine  from  the 
bladder. 

Uterus  (Lat.  uterus,  the  womb). 

Uvula  (Lat,  dim.  of  7iva,  a grape).  The  small  tongue  hanging  from  the 
middle  of  the  soft  palate. 

Vagina  (Lat.  vagina,  a sheath).  The  vulvo-uterine  canal. 

Vagus  (Lat.  vago,  I wander).  The  pneurnogastric  nerve. 
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Vermiform  (Lat.  vermis,  a worm,  and /orma,  shape).  Worm-shaped. 

Vertebrae  (Lat.  vertere,  to  turn).  The  bones  forming  the  spinal  column. 

Vesical  (Lat.  vesica,  a bladder).  Belonging  to  the  bladder. 

Villi  (Lat.  villus,  shaggy  hair).  Small  processes  on  the  mucous  membrane 
of  the  small  bowel. 

Viscera  (pi.  of  Lat.  viscus,  an  internal  organ).  The  internal  organs. 

Vitreous  (Lat.  vitrum,  glass).  The  transparent  mass  occupying  the  back 
part  of  the  eye. 

Vomer  (Lat.  vomer,  a ploughshare).  The  central  bone  of  the  nose 

Vulva  (Lat.  volvere,  to  roll).  The  genital  opening  of  the  female. 

Xiphoid  (Grk.  ^i<pos,  a sword,  and  elSoj,  like).  The  lower  piece  of  the 
sternum. 

Zygoma  (Gk.  ^evywixai,  I yoke  or  join  together).  The  process  which  joins 
together  the  bones  of  the  head  and  face. 


DESCRIPTION  OF  THE  PLATES. 


THE  SKELETON  (Fig.  1). 


1.  Frontal  bone. 

2.  Parietal  bone. 

3.  Temporal  lione. 

4.  Coronal  suture. 

5.  Malar  or  cheek-bone. 

6.  Nasal  bones. 

7.  Superior  maxillary — Upper  jaw- 

bone. 

8.  Orbits. 

9.  Side  of  occipital  bone. 

10.  Condyle  of  lower  jaw. 

11.  Angle  of  lower  jaw. 

12.  Symphysis  of  lower  jaw. 

13.  Four  lower  cervical  vertebrae. 

14.  Two  upper  and  two  lower  dorsal 

vertebrae. 

15.  Lumbar  vertebrae. 

16.  Sacrum. 

17.  Coccyx. 

18.  Cartilages  of  ribs. 

19.  Ribs. 

20.  First  bone  of  sternum  1 Breast- 

21.  Second  bone  of  sternum  j bone. 

22.  Ensiform  cartilage. 

23.  Clavicles — Collar-bones. 

24.  Coracoid  process  of  scapula — 

Shoulder-blade. 

FRONT  -VIEW  OF  RIGHT 

1.  Scaphoid. 

2.  Semilunar. 

3.  Cuneiform. 

4.  Pisiform. 

5.  Trapezium. 

6.  Trapezoid. 

7.  Os  magnum. 

8.  Unciform. 


25.  Acromion  of  scapula. 

26.  Anterior  surface  of  scapula. 

27.  Head  of  humerus — Arm-bone. 

28.  Shaft  of  humerus. 

29.  Condyles  of  humerus. 

30.  Head  of  radius. 

31.  Shaft  of  radius. 

32.  Ulna. 

33.  Carpal  ends  of  radius  and  ulna. 

34.  Ilium. 

35.  Anterior  superior  spine  of  ilium. 

36.  Anterior  inferior  spine  of  ilium. 

37.  Symphysis  pubis. 

38.  Tuberosity  of  ischium. 

39.  Brim  of  pelvis. 

40.  Obturator  foramen. 

41.  Head  of  femur  or  thigh-bone. 

42.  Neck  of  femur. 

43.  Great  trochanter. 

44.  Shaft  of  femur. 

45.  Condyles  of  femur. 

46.  Patella — Knee-pan. 

47.  Head  of  tibia. 

48.  Shaft  of  tiliia. 

49.  liower  end  of  tibia. 

50.  F'ibula. 


HAND  AND  WRIST  (Fig.  2). 

9.  Aletacarpal  bones  of  thumb  ami 
fingers. 

10.  Idrst  row  of  phalanges  of  thumb 

and  fingers. 

11.  Second  row  of  phalanges  of 

fingers. 

12.  Terminal  phalanges  of  thumb 

and  fingers. 


FRONT  VIEW  OF  RIGHT  FOOT  (Fig.  3). 


1.  Superior  articulating  surface  of 

astragalus. 

2.  Anterior  portion  of  astragalus. 

3.  Os  calcis — Heel-bone. 

4.  Commencement  of  groove  of  in- 

terosseous ligament. 

5.  Scaphoid. 

6.  Tuberosity  of  scaphoid. 


7.  Internal  cuneiform. 

8.  Middle  cuneiform. 

9.  Flxternal  cuneiform. 

10.  Cuboid. 

11.  Metatarsal  bones. 

12.  Fdrst  row  of  jfiialanges  of  toes. 

13.  Second  row  of  phalanges. 

14.  Terminal  phalanges. 
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THE  MUSCLES. 


SIDE  V1E\Y  OF  FULL  FIGURE  (Fig.  1). 


1.  Occipito-frontalis. 

2.  Temporal. 

3.  Orbicularis  palpebrarum 

4.  Masseter. 

5.  Sterno-mastoid. 

6.  Trapezius. 

7.  Platysma  myoides. 

8.  Deltoid. 

9.  Biceps. 

10.  Brachialis  anticus. 

11.  Triceps. 

12.  Supinator  longus. 

13.  Extensor  muscles  of  thumb. 

14.  Extensor  muscles  of  wrist. 

15.  Pectoralis  major. 

16.  Latissimus  dorsi. 

17.  Serratus  magnus. 

18.  Oblicpms  externus  abdominis. 


19.  Rectus  abdominis  in  its  sheath. 

20.  Gluteus  medius. 

21.  Gluteus  maximus. 

22.  Tensor  vaginae  femoris. 

23.  Vastus  externus. 

24.  Biceps. 

25.  Gastrocnemius. 

26.  Tibialis  anticus. 

27.  Extensor  communis  digitorum. 

28.  Soleus. 

29.  Peroneus  longus. 

30.  Peroneus  brevis. 

31.  Peroneus  tertius. 

32.  Abductor  minimi  digiti. 

33.  Extensor  hallucis. 

34.  Flexor  communis  digitorum. 

35.  Tendo  Achillis. 


FRONT  VIEW  OF  RIGHT  ARM  (Fig.  2). 


1.  Deltoid. 

2.  Pectoralis  major. 

3.  Coraco  brachialis. 

4.  Biceps. 

5.  Brachialis  anticus. 

6.  Triceps. 

7.  Pronator  radii  teres. 

8.  Supinator  longus. 


9.  Flexor  carpi  radialis. 

10.  Palmaris  longus,  and  palmar 

fascia. 

11.  Flexor  digitorum  communis. 

12.  Flexor  carpi  ulnaris. 

13.  Abductor  pollicis.. 

14.  Flexor  brevis  pollicis. 

15.  Palmaris  brevis. 


FRONT  VIEW  OF  RIGHT  LEG  (Fig.  3). 


1.  Gluteus  medius. 

2.  Tensor  vaginae  femoris. 

3.  Psoas  and  iliacus. 

4.  Pectineus. 

5.  Adductor  longus. 

6.  Sartorius. 

7.  Gracilis. 

8.  Rectus  femoris. 

9.  Vastus  externus. 

10.  Vastus  interims. 


11.  Biceps  flexor  cruris. 

12.  Insertion  of  ligament  of  patella 

into  tibia. 

13.  Tibialis  anticus. 

14.  Extensor  communis  digitorum. 

15.  Peroneus  longus. 

16.  Gastrocnemius. 

17.  Soleus. 

18.  Peroneus  brevis. 

19.  Abductor  hallucis. 
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Abdomen,  215. 

Abdominal  regions,  216. 
Abdominal  rings,  88. 
Abduction,  61. 

Absorbent  glands,  structure 
of,  27. 

Acetabulum,  52. 

Acromion,  47. 

Adduction,  61. 

Adenoid  tissue,  27. 

Adipose  tissue,  16. 
Alimentary  canal,  220. 
Amphiarthrodial  joints,  60. 
Ampulla,  202. 

Anastomosis,  25. 

Angiology,  105. 

Ankle-joint,  74. 

Antrum,  39. 

Anus,  234. 

Aorta,  no,  in. 

— abdominal,  123. 

— thoracic,  122. 

Aqueduct  of  Fallopiu-s,  165. 
Aqueduct  of  Sylvius,  157. 
Aqueous  humour,  195. 
Arachnoid  membrane,  148, 

160. 

Arbor  vitae  cerebelli,  160. 

uterinus,  257. 

Arch,  palmar,  deep,  120. 

superficial,  122. 

Arch  of  aorta,  in. 

Arches  of  foot,  75. 

Areola  of  breast,  262. 
Areolar  tissue,  15. 
Arm-bone,  47. 

Arteries,  no. 

— structure  of,  25. 

— anastomotica  magna,  120. 

— anterior  cerebral,  117. 
communicating,  117. 

— axillary,  119. 

— basilar,  112. 

— brachial,  119. 

— of  brain,  161. 

— carotid,  in,  114,  115. 

— circumflex  iliac,  127. 

— coeliac  axis,  124. 

— coronary  of  heart,  in. 
— lips,  115. 

— epigastric,  deep,  127. 


Arteries,  epigastric,  supe- 
rior, 114. 

— facial,  116. 

— femoral,  129. 

— gastric,  124. 

— ■ gluteal,  128. 

— hepatic,  124. 

— iliac,  126. 

- — ilio-lumbar,  128. 

— innominate,  in. 

— intercostal,  123. 

— internal  mammary,  114. 

maxillary,  116. 

pudic,  128. 

— interosseous,  122. 

— ischiatic,  128. 

— lingual,  116. 

— lumbar,  126. 

— • middle  cerebral,  117. 

— musculo-phrenic,  114. 

— obturator,  127. 

— occipital,  116. 

— ophthalmic,  117. 

— ovarian,  125. 

— pharyngeal,  116. 

— ■ phrenic,  124. 

— plantar,  131. 

— popliteal, -1 30. 

— posterior  auricular,  116. 

cerebral,  113. 

communicating,  114. 

— profunda  inferior,  120. 
superior,  119. 

— pulmonary,  132. 

— radial,  120. 

— renal,  126. 

— sacral,  128. 

— spermatic,  125. 

— splenic,  124. 

— subclavian,  112,  114. 

— superficial  volar,  120. 

— superior  cerebellar,  112. 

epigastric,  114. 

intercostal,  114. 

mesenteric,  125. 

— supra-renal,  126. 

— Sylvian,  117. 

— temporal,  116. 

— thyroid  axis,  114. 

— thyroid,  inferior,  114. 
superior,  116. 


Arteries,  tibial,  anterior,  130. 

— — posterior,  131. 

— ulnar,  121. 

— vertebral,  112. 
Arthrology,  59. 
Articulations,  59. 
Articulations  of  skull,  64. 
Arytenoid  cartilage.s,  207. 
Astragalus,  57. 

Auricle,  left,  no. 

— right,  108. 

Auricular  appendages,  107. 
Auriculo-ventricular  valve, 
109,  no. 

— groove,  107. 

Ball-and-socket  joints,  60. 
Base  of  brain,  156. 

Base  of  skull,  41. 

Basement  membrane,  29. 
Basilar  membrane,  203. 
Biliary  cells,  238. 

— ducts,  238. 

Bladder,  female,  254. 

— male,  246. 

Blade-bone,  46. 

Blood,  II. 

Blood-vessels,  structure  of, 
24- 

Bone,  composition  of,  17. 

— structure  of,  18. 

Bones,  number  of,  31. 
Brachial  ple.xus,  172. 

Brain,  152. 

Broad  ligaments,  218,  256. 
Bronchi,  210. 

Bulb  of  urethra,  250. 

Bursae,  29. 

Cmcum,  235. 

Canaliculi,  19. 

Cancelli  of  bone,  18.  . 
Capillaries,  structure  of,  25. 
Carotid  artery,  in,  114,  115. 
Carpus,  50. 

Cartilage,  16. 

Carunculae  myrtiformes,262. 
Cauda  equina,  15 1. 

Cells,  10. 

— multipolar,  23. 

Cell- wall,  II. 
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Central  lobe,  156. 
Cerebellum,  159. 

Cerebro- spinal  fluid,  148, 

160. 

Cerebrum,  154. 

Cervix  uteri,  256. 

Chest,  43. 

Choroid  coat,  195. 

Chyle,  13. 

Chyle  reservoir,  146. 

Ciliary  muscle,  195. 

Ciliary  processes,  195. 
Ciliated  epithelium,  15. 
Circle  of  Willis,  117. 
Circumduction,  61. 

Clavicle,  45. 

Clitoris,  261. 

Clot,  II. 

Coaptation,  61. 

Coccyx,  34. 

Cochlea,  201. 

Collar-bone,  45. 

Colon,  234. 

Columnae  carnese,  109. 
Columnar  epithelium,  14. 
Columns  of  spinal  cord,  150. 
Commissures  of  spinal  cord, 
^ 150- 

Condyles  of  femur,  55. 

humerus,  48. 

Conjunctiva,  193. 
Connective  tissue,  15. 

Conus  arteriosus,  109. 
Convolutions  of  brain,  154. 
Coracoid  process,  47. 
Cornea,  195. 

Cornua  of  spinal  cord,  150. 
Corona  of  penis,  250. 
Coronary  arteries,  in. 
Corpora  lutea,  259. 

— quadrigemina,  159. 
Corpus  callosum,  154. 

— cavernosum,  249,  261. 

— spongiosum,  250, 

— striatum,  158. 

Corpuscles,  blood,  12. 

— lymph,  13. 

Corti,  organ  of,  203. 

Costal  cartilages,  44. 
Cowper’s  glands,  253. 
Cranial  nerves,  162. 
Cranium,  35. 

Cricoid  cartilage,  206. 

Crura  cerebelli,  159. 

— cerebri,  153. 

— clitoridis,  261. 

— penis,  249. 

Crystalline  lens,  197. 

Cuboid  bone  of  foot,  58. 
Cuneiform  bones  of  foot,  58. 

— bone  of  hand,  50. 


Cuticle,  184. 

Derma,  184. 

Diarthrodial  joints,  60. 
Diaphragm,  89. 

Diploe,  20. 

Douglas,  fold  of,  255. 
Duodenum,  231. 

Dura  mater,  149,  160. 

Ear,  198. 

Ejaculatory  duct,  249. 
Elastic  tissue,  16. 
Elbow-joint,  68. 

Enamel,  223. 

End-bulbs,  186. 
Endocardium,  106. 
Endolymph,  202. 
Endothelium,  13. 
Epidermis,  184. 
Epididymis,  251. 

Epigastric  region,  216. 
Epiglottis,  206. 

Epiphyses,  20. 

Epithelium,  13. 

Erectile  tissue,  250. 
Ethmoid,  38. 

Eustachian  tubes,  226. 
External  abdominal  ring,  85. 
Eye,  192. 

Eyeball,  194. 

Eyelids,  193. 

Face,  38. 

Fallopian  tubes,  258. 
Fallopius,  aqueduct  of,  165. 
Falx  cerebri,  161. 

Fascia,  arrangement  of,  77. 
Fauces,  221. 

Femur,  54. 

Fenestra  ovalis,  199. 

— rotunda,  199. 

Fibrin,  11. 

Fibro-cartilage,  17. 

Fibrous  tissue,  16. 

Fibula,  56. 

Filum  terminale,  149. 
Fissure,  parieto- occipital, 
/54- 

Fissure  of  Rolando,  154. 

Sylvius,  154. 

Fissures  of  liver,  237. 

Foot,  bones  of  the,  57. 
Fornix,  157. 

Fossa  navicularis  of  urethra, 

254- 

of  vulva,  260. 

Fourchette,  260. 

Frontal  bone,  36. 

— lobe,  155. 

— sinus,  36. 


Funiculi  of  nerve,  24. 

Galactophorous  ducts,  263. 
Gall-bladder,  239. 

Ganglia,  structure  of,  24. 
Gases  of  blood,  12. 
Gasserian  ganglion,  163. 
Germinal  eminence,  260. 

— spot,  260. 

— vesicle,  260. 

Gland,  parotid,  224. 

— prostate,  248. 

■ — sublingual,  225. 

— submaxillary,  224. 
Glands,  axillary,  144. 

— duodenal,  233. 

— femoral,  145. 

•—  inguinal,  145. 

— lymphatic,  27. 

— mammary,  262. 

— salivary,  224. 

— solitary,  233. 

of  Bartholin,  262. 

— of  Brunner,  233. 

— of  Cowper,  253. 

— of  Duvernay,  262. 

— of  Lieberkiihn,  233. 

— of  Littre,  253. 

— of  neck,  143. 

— of  stomach,  229. 
Glandular  epithelium,  14. 
Gians  clitoridis,  261. 

— penis,  250. 

Gliding  joints,  61. 

Globus  major,  251. 

- — minor,  251. 

Glottis,  209. 

Graafian  vesicles,  259. 
Gullet,  226. 

Hairs,  187. 

Hand,  bones  of,  50. 
Haunch-bone,  51. 
Haversian  canals,  19. 
Hearing,  organ  of,  198. 
Heart,  105. 

Henle,  tubules  of,  243. 
Hinge-joints,  60. 

Hip-joint,  71. 

Histology,  9. 

Hunter’s  canal,  129. 
Hyaloid  membrane,  198. 
Hymen,  262. 

Hyoid  bone  43. 
Hypochondriac  region,  216. 
Hypogastric  region,  216. 

Ileo-cajcal  valve,  235. 

Ileum,  231. 

Iliac  regions,  216. 

Ilium,  52. 
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Incus,  200. 

Inferior  maxillary  bone,  39. 

— turbinated  bones,  39. 
Inguinal  canal,  88. 

— regions,  216. 

Internal  abdominal  ring,  88. 
Interventriculargroove,  107. 
Intervertebral  discs,  62. 
Intestine,  large,  234. 

— small,  230. 

Ischium,  52. 

Islat>d  of  Reil,  156. 

Jejunum,  231. 

Joints  of  the  foot,  75. 

Joint  of  lower  jaw,  64. 
Jugular  foramen,  41. 

Kerkring,  valves  of,  232. 
Kidneys,  241. 

Knee-joint,  72. 

Labia  majora,  260. 

— minora,  261. 

Labyrinth,  201. 

Lachrymal  bones,  39. 
Lacteals,  142. 

Lacunse  of  bone,  19. 
Larynx,  205. 

Lateral  ventricles,  157. 
Levers,  93. 

Lieberkiihn,  glands  of,  233. 
Ligamentum  denticulatum, 
14,9. 

Ligament,  triangular,  250. 
Ligaments,  peritoneal,  217. 

— of  ankle-joint,  74. 

— of  atlas  and  axis,  63. 

— of  articular  processes,  63. 

— of  bodies  of  vertebrae,  62. 

— of  elbow,  68. 

— of  hip-joint,  71. 

— of  knee-joint,  72. 

— of  laminae,  63. 

— of  liver,  236. 

— of  pelvis,  65. 

— of  radius  and  ulna,  69. 

— of  ribs,  65. 

— of  shoulder,  67. 

— of  tibia  and  fibula,  74. 

— of  vertebral  column,  62. 

— of  wrist-joint,  69. 

Liquor  sanguinLs,  12. 

Littre,  glands  of,  253. 
Lymph,  13. 

Lymphatic  glands,  27. 

— vessels,  structure  of,  27. 
Lymphatics,  142. 

— deep,  142. 

— superficial,  142. 

— of  head  and  neck,  142. 


Lymphatics  of  lower  limb, 
144. 

— of  lungs,  146. 

— of  trunk,  145. 

— of  upper  limb,  143. 

Liver,  236. 

— ligaments  of,  236. 

— lobes  of,  237. 

Lumbar  region,  216. 

Lungs,  211. 

Macula  lutea,  196. 

Malar  bones,  39. 

Malleus,  200. 

Mammary  glands,  262. 
Malpighian  corpuscles,  241. 

— pyramids,  243. 

— bodies  of  kidney,  244. 

— bodies  of  spleen,  241. 
Marrow  of  bones,  18. 

Matrix  of  cartilage,  16. 
Meatus  urinarius,  250,  254, 

261. 

Medulla  oblongata,  152. 
Meibomian  glands,  193. 
Membrana  tympani,  199. 
Meninges,  148. 

Mesenteries,  218. 
Metacarpal  bones,  51. 
Metatarsal  bones,  58. 

Milk,  263. 

Mitral  valve,  no. 

Mons  Veneris,  260. 

Mouth,  220. 

Movements  of  joints,  61. 

— of  scapula,  67. 

Mucous  membrane,  29. 
Muscles,  general  arrange- 
ment of,  77. 

— of  abdomen,  84. 

— buttock  and  back  of 
thigh,  loi. 

— chest-wall,  84. 

— expression,  78. 

— eye-socket,  8i. 

— foot,  104. 

— forearm,  95. 

— front  of  thigh,  100. 

■ — hand,  97. 

— head  and  neck,  78. 

— larynx,  207. 

— lower  limb,  100. 

— leg,  102. 

— mastication,  80. 

— neck,  82. 

— pharynx,  84. 

— soft  palate,  84. 

— tongue,  83. 

— upper  limb,  90. 

Muscular  fibres  of  heart,  22. 
Muscle,  structure  of,  20. 


Musculi  papillares,  109. 

— pectinati,  108. 

Myology,  77. 

Nails,  188. 

Nares,  225. 

Nasal  bones,  39. 

— cavities,  19 1. 

— duct,  194. 

Nerve  cells,  23. 

— fibres,  23. 

— abducent,  165. 

— anterior  crural,  178. 
interosseous,  174. 

— auditory,  167. 

— cervical,  170. 

— chorda  tympani,  165. 

— circumflex,  176. 

— cranial,  162. 

— de.scending  cervical, 
170. 

— dorsal  177. 

— external  anterior  thoracic, 
174. 

— external  cutaneous,  178. 
respiratory,  173. 

— facial,  165. 

— genito-crural,  178. 

— glosso-pharyngeal,  167. 

— great  auricular,  172. 
occipital,  172. 

— gluteal,  180. 

— hypoglossal,  170. 

— ilio-hypogastric,  178. 

— ilio-inguinal,  178. 

— intercostal,  177. 

— internal  cutaneous,  175. 

— ischiatic,  greater,  180. 
lesser,  180. 

— laryngeal,  169. 

— laryngeal,  inferior,  169. 
recurrent,  169. 

— lesser  occipital,  172. 

— lingual,  165. 

— lumbar  177. 

— lumbo-sacral,  179. 

— median,  174. 

— motor  of  eyeball,  163. 

— muscular,  180. 

■ — musculo-cutaneous,  182. 

— musculo-spiral,  177. 

— obturator,  179. 

— olfactory,  162. 

— ophthalmic,  163. 

— optic,  162. 

— pathetic,  163. 

— plantar,  182. 

— pneumogastric,  167. 

— popliteal  internal,  180. 
external,  182. 

— phrenic,  172. 
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Nerve,  posterior  interosse- 
ous, 177. 

— posterior  thoracic,  173. 

— pudendal,  180. 

■ — pudic,  180. 

— radial,  177. 

— sacral,  179. 

— saphenous,  external,  181. 
Jong,  178. 

— spinal,  171. 

— spinal  accessory,  169. 

— subscapular,  176. 

— superior  maxillary,  164. 

— sympathetic,  182. 

— tibial,  posterior,  181. 
anterior,  182. 

— trigeminal,  163. 

— ulnar,  175. 

— vagus,  167. 

— vaso-motor,  182. 

— visceral,  180. 

Nervous  tissue,  22. 
Neuroglia,  24. 

Neurology,  148. 

Nipple,  262. 

Nose,  191. 

Nucleolus,  10. 

Nucleus,  10. 

Nymphae,  261. 

Occipital  bone,  35. 

— lobe,  155. 

(Esophagus,  226. 

Olfactory  nerves,  162. 
Omenta,  218. 

Optic  nerves,  162. 

Organs  of  sense,  183. 

Os  calcis,  57. 

Os  magnum,  50. 

Os  uteri,  256. 

Ossicles  of  ear,  200. 
Osteology,  31. 

Otoliths,  203. 

Ovaries,  259. 

Ovarian  ligament,  259. 
Oviducts,  258. 

Ovum,  260. 

Oxyntic  cells,  229. 

Pacinian  corpuscles,  185. 
Palate,  220. 

Palate  bones,  39. 

Pancreas,  239.  • 

Papillae  of  skin,  185. 

— of  tongue,  188. 

— circumvallate,  188. 

— filiform,  190. 

— fupgiform,  190. 

Parietal  bone,  36. 

— cells,  229. 

— lobe,  155. 


Patella,  55. 

Pelvic  cavity,  246. 

— viscera,  female,  254. 

male,  246. 

Pelvis,  53. 

Penis,  249. 

Peptic  glands,  229. 
Pericardium,  106. 

Perilymph,  202. 

Periosteum,  18. 

Peritoneum,  217. 

Permanent  teeth,  223. 

Pes  anserinus,  165. 

Peyer’s  glands,  234. 
Phalanges  of  fingers,  51. 

toes,  58. 

Pharynx,  225. 

Pia  mater,  148,  160. 

Pisiform  bone,  50. 

Pivot  joints,  61. 

Pleura,  212. 

Plexus,  24. 

— brachial,  172. 

— cervical,  171. 

— lumbar,  177. 

-^sacral,  179. 

Pomum  Adami,  205. 

Pons  Varolii,  153. 

Popliteal  space,  129. 

Portal  fissure,  237. 

— system,  140. 

Poupart’s  ligament,  85. 
Prepuce,  249,  261. 
Pronation,  62. 

Prostate  gland,  248. 
Protoplasm,  10. 

Pubes,  52. 

Pulmonary  artery,  132. 

— veins,  142. 

Pupil,  19s. 

Pylorus,  228. 

Pyramidal  tracts,  150. 
Pyramids,  decussation  of 

the,  152. 

Radius,  49. 

Recto-vaginal  pouch,  255. 
Rectum,  234. 

Regions  of  the  abdomen, 
216. 

Reil,  island  of,  156. 
Reissner,  membrane  of,  203. 
Retina,  196. 

Ribs,  43. 

Rods  and  cones,  197. 
Rolando,  fissure  of,  154. 
Round  hgaments,  258. 

Saccule,  202. 

Sacrum,  34, 


Scala  media,  203. 

— tympani,  202. 

— vestibuli,  202, 

Scaphoid  bone  of  hand,  50, 

of  foot,  57. 

Scapula,  46. 

— movements  of,  67. 
Schn^erian  membrane, 

192. 

Sclerotic,  194. 

Scrotum,  250. 

Sebaceous  glands,  187. 
Secreting  glands,  29. 
Semicircmar  canals,  201. 
Semilunar  valves,  109. 
Seminal  vesicles,  249. 

Sense,  organs  of,  183. 
Serous  membranes,  28. 
Serum,  12. 

Shoulder-blade,  46. 
Shoulder-joint,  67. 

Sight,  organ  of,  192. 
Sigmoid  flexure,  234. 
Sinuses,  26. 

— of  brain,  133. 

— cavernous,  133. 

— lateral,  134. 

— longitudinal,  inferior,  133. 
superior,  133. 

— petrosal,  134. 

— straight,  134. 

— of  Valsalva,  no,  in. 
Sinus  pocularis,  253. 

Skin,  183. 

Skull,  35,  40. 

Small  intestine,  230. 

Smell,  organ  of,  191. 
Spermatozoa,  251. 
Spermatic  cord,  251. 
Sphenoid  bone,  37. 
Spheroidal  epithelium,  14. 
Spigelian  lobe,  237. 

Spinal  cord,  148. 

Spinal  nerves,  171. 

roots  of,  151. 

Spine,  curves  of,  35. 

Spleen,  240. 

Squamous  epithelium,  14. 
Stapes,  200. 

Sterno  - clavicular  articula- 
tion, 66. 

Sternum,  43. 

Stomach,  227. 

Styloid  process,  37. 
Sudoriparous  glands,  186. 
Superior  maxillary  bone,  38. 
Supination,  62. 

Supra-renal  body,  241. 
Sutures,  64. 
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Sweat  glands,  186. 

Sylvius,  fissure  of,  154. 
Synovial  membrane,  29. 

Tactile  corpuscles,  185. 
Tarsus,  bones  of  the,  57. 
Taste-buds,  189. 

Taste,  organ  of,  188. 

Tear  gland,  194. 

Tear  passages,  194, 

Teeth,  221. 

Temporal  bone,  37. 
Temporo  - sphenoidal  lobe, 
155- 

Tendo  Achillis,  103. 
Tentorium  cerebelli,  161. 
Testicles,  250. 

Testicle,  descent  of,  252. 
Thalamus  opticus,  158. 
Thigh-bone,  54. 

Thoracic  duct,  146. 

Thorax,  43. 

Thymus  body,  215. 

Thyroid  body,  210. 

— cartilage,  205. 

Tibia,  56. 

Tongue,  188. 

Touch  bodies,  185. 

Trachea,  210. 

Transitional  epithelium,  14. 
Trapezium  bone,  50. 
Trapezoid  bone,  50. 
Triangular  ligament,  250. 
Tricuspid  valve,  109. 
Trigone,  248. 

Tunica  albuginea,  251,  259. 

— vaginalis  testis,  219,  251. 
Tympanic  cavity,  199. 

Ulna,  48. 

Umbilical  region,  216. 
Unciform  bone,  51. 

Ureter,  245. 

Urethra,  female,  254. 

— male,  252. 


Uriniferous  tubules,  243. 
Uterine  glands,  257. 

Uterus,  255. 

Utricle,  202. 

Uvula,  220. 

Vagina,  255. 

Valsalva,  sinuses  of,  110,111. 
Valve,  ileo-csecal,  235. 

— mitral,  no. 

— tricuspid,  109. 

Valves,  semilunar,  109. 

— of  Kerkring,  232. 

— of  veins,  26. 

Valvulae  conniventes,  232. 
Varolius,  bridge  of,  153. 

Vas  deferens,  249. 

Veins,  132. 

— structure  of,  26. 

— axillary,  136. 

— azygos,  138. 

— basilic,  135. 

— cephalic,  136. 

— facial,  132. 

— hepatic,  140. 

— iliac,  138. 

— innominate,  138. 

— internal  maxillary,  132. 

— jugular,  134,  135. 

— lumbar,  140. 

— median,  136. 

— median-basilic,  136. 

— median-cephalic,  136. 

— mesenteric,  141. 

— occipital,  133. 

— portal,  140. 

— • posterior  auricular,  133. 

— pulmonary,  142. 

— radial,  136. 

— saphena,  137. 

— of  skull,  133. 

— spermatic,  140. 

— splenic,  141. 

— subclavian,  137. 

— temporal,  132. 

— temporo-maxlllary,  132. 


/ 


Veins,  ulnar,  135. 

— vertebral,  135. 

Vena  cava,  inferior,  108, 138. 

superior,  108,  138. 

Ventricle  of  brain,  fourth, 

152. 

lateral,  157. 

third,  157. 

Ventricle  of  heart,  left,  no. 

right,  109. 

Ventricle  of  larynx,  209. 
Vermiform  appendix,  235. 
Vertebral  column,  31. 
Vertebrae,  cervical,  32. 

— dorsal,  33. 

— lumbar,  34. 

Veru  montanum,  253. 
Vestibule  of  ear,  201. 

— of  vagina,  261. 

Villi,  233. 

Viscera,  205. 

Vision,  organ  of,  192. 
Vitelline  membrane,  260. 
Vitellus,  260. 

Vitreous  humour,  198. 
Voice,  organ  of,  205. 
Voluntary  muscle,  21. 
Vomer,  39. 

Vulva,  260. 

Weight  of  brain,  161. 
Wharton’s  duct,  224. 

White  corpuscles,  12. 

Willis,  circle  of,  117. 

Womb,  255. 

Wrist,  bones  of,  50. 
Wrist-joint,  69. 

Xiphoid  cartilage,  43. 

Yelk,  260. 

Yellow  elastic  tissue,  16. 
Yellow  fibro-cartilage,  17. 
Yellow  spot,  196. 

Zygoma,  37. 
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NEW  BOOKS  AND  NEW  EDITIONS. 

Dist  Published,  revised  and  largely  re-written. 

Deschanel’s  Natural  Philosophy:  An  Elementary  Treatise  on 
Natural  Philosophy,  based  on  the  TraiU  de  Physique  of  A.  PiiiVAT 
Deschanel.  By  J.  D.  Everett,  m.a.,  d.c.l.,  f.r.s..  Professor  of 
Natural  Philosophy  in  Queen’s  College,  Belfast.  Profusely  illus- 
trated. Thirteenth  Edition.  In  1 vol.,  medium  8vo,  cloth,  18s. ; also 
in  four  Parts,  limp  cloth,  4s.  6d.  each. 

Part  I.— Mechanics  and  Hydrostatics.  Part  III. — Electricity  and  Magnetism. 
Part  II.— Heat.  Part  IV. — Sound  and  Light. 

This  well-known  work,  revised  at  each  successive  reprinting,  has 
now  been  so  thoroughly  recast  in  the  light  of  recent  investigations 
as  to  make  the  present  edition  practically  a new  work.  Much  of  the 
old  matter  has  been  rearranged  for  greater  lucidity,  new  matter  has 
been  largely  introduced  into  old  chapters,  and  four  entirely  new 
chapters  on  special  modern  subjects  have  been  added. 

“ . . . These  judicious  revisions  and  expansions  have  resulted  in  the  pro- 

duction of  a work  which  bears  the  same  relation  to  physics  to-day  that  the 
original  treatise  did  to  the  state  of  physical  knowledge  at  the  time  of  publica- 
tion. The  work  may,  therefore,  be  expected  to  be  just  as  successful  in  the  future 
as  it  has  been  in  the  past.” — Nature,  July  \2.th,  1894 

“The  new  edition  — the  thirteenth,  by  the  way — of  Professor  Deschanel’s 
Treatise  on  Natural  Philosophy  differs  materially  from  all  previous  issues  of 
the  book.  . . . Thoroughness  of  treatment  and  lucidity  of  statement  are  the 

characteristics  of  this  admirable  text-book,  and  Dr.  Everett  has  shown  inucli 
skill  in  the  manner  in  which  he  has  enlarged  its  scope  in  order  to  meet  the  actual 
requirements  of  English  students. — The  Speaker,  Auyxist  Uh,  1894. 


Just  Published. 

Elements  of  Metallurgy.  By  W.  Jerome  Harrison,  f.g.s.,  and 
William  J.  Harrison.  Fully  Illustrated.  250  pp.  f’cap  8vo, 
cloth,  2s.  Qd. 

In  rapid  Preparation. 

Laboratory  Exercise  Book  for  Chemical  Students,  Con- 
taining Tables  for  Analysis,  Sheets  for  llesults,  &c.  By  E.  Francis, 
F.C.S.,  People’s  College,  Nottingham. 
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Just  Published,  revised  throughout  and,  considerably  extended. 


A Text-Book  of  Organie  Chemistry.  By  A.  Beenthsen,  fe  d., 

formerly  Professor  of  Chemistry  in  the  University  of  Heidelberg. 

Translated  by  George  M‘Gowan,  Ph.D.  New  Edition,  thoroughly 

revised  and  much  enlarged  by  Author  and  Translator.  Crown  8vo, 

cloth,  7s.  6d. 

“This  excellent  treatise  lias  been  admirably  translated,  and  a very  useful 
addition  has  been  made  to  the  English  scientific  student’s  library.  As  far  as  we 
have  tested  it  is  accurate,  and  it  is  certainly  sensible  in  arrangement,  and  lucid 
in  style.” — Lancet. 

“Sure  to  take  as  high  a place  among  the  elementary  text-l)ooks  of  organic 
chemistry  in  the  English  language  as  it  has  already  done  in  the  Eatherland.”— 
Nature. 

“ The  translator  having  done  his  work  accurately,  this  volume  ought  to  become 
as  popular  among  English  as  it  deservedly  is  among  German  students.”— Journal 
of  Education. 

“ The  author  and  translator  are  to  be  congratulated  on  the  production  of  a 
very  useful  book.”— Guardian. 

“The  book,  in  spite  of  its  wide  range,  is  clear  and  simple  in  style,  well  printed, 
and  not  too  laige.” — Saturday  Review. 


Just  Published. 

The  Natural  History  of  Plants : Their  Forms,  Growth,  Kepro- 
duction  and  Distribution.  From  the  German  of  Anton  Keener 
VON  Marilaun,  Professor  of  Botany  in  the  University  of  Vienna. 
Translated  by  F.  W.  Oliver,  m.a.,  d.Sc.,  Quain  Professor  of  Botany  in 
University  College,  London,  with  assistance  of  Marian  Busk,  b.sc., 
and  Mary  Ewart,  b.Sc.  With  about  1000  original  Woodcut  Illus- 
trations and  Sixteen  Plates  in  Colours.  Issued  in  Sixteen  Parts 
imperial  8vo,  published  monthly,  price  2s.  6d.  each  net]  also  in  four 
half-volumes,  at  intervals  of  four  months,  12s.  6d.  net. 

“The  best  account  of  the  vegetable  kingdom  for  general  readers  which  has  yet 
been  produced.  . . . The  translation  is  scientifically  accurate,  as  well  ar 

entertaining  and  instructive.  Lovers  of  nature  will  find  every  page  of  the  book 
interesting,  and  the  serious  student  of  botany  will  derive  great  advantage  from 
its  perusal.  The  illustrations  are  beautiful,  and  what  is  more  necessary  true  to 
nature.” — Nature. 

“ The  publication  of  the  first  part  of  the  first  English  edition  of  Professor 
Kerner’s  Pjianzenleben  is  an  event  of  considerable  importance  to  the  many 
English  readers  to  whom  the  German  original  may  be  inaccessible.  Professor 
Kerner’s  work  is  deservedly  held  in  high  repute  as  a scientific  treatise  on  the 
life-history  of  plants,  their  forms,  growth,  reproduction,  and  distribution  ; and  it 
is  certain  that  the  handsome  English  form  of  the  Pjianzenleben,  which  faithfully 
reproduces  the  text  and  extremely  instructive  and  beautiful  illustrations  of  the 
original  should  be  widely  read  both  by  students  of  botany  and  general  reader.” — 
Saturday  Review. 

“When  completed  this  will  be  a text-book  of  botany  such  as  has  never  yet 
appeared  in  the  English  language,  not  only  adapted  to  the  general  reader,  but 
indispensable  also  to  the  scientific  botanist  who  desires  to  keep  abreast  of  Ids 
subject.  . . . Will  be  one  of  the  best  and  cheapest  scientific  works  ever 

produced  in  this  country.” — The  Academy. 
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BLACKIE’S  SCIENCE  TEXT-BOOKS. 

SUITABLE  FOE  SCIENCE  AND  ART  AND  OTHER 

EXAMINATIONS. 

ADVANCED  SERIES. 

Elementary  Text-Book  of  Dynamics  and  Hydrostatics 

{Theoretical  Mechanics,  Elementary  and  Advanced).  By  R.  H. 

Pinkerton,  b.a.,  Balliol  College,  Oxford;  Lecturer,  University 

College,  Cardiff ; Examiner,  Glasgow  University.  F’cap  8vo,  cloth, 
3s.  Qd. 

“The  subject  is  treated  mathematically,  l)ut  the  mathematical  knowledge 
required  for  an  intelligent  perusal  of  the  book  is  limited  to  elementary  algebra 
and  trigonometry.  The  fundamental  units  are  thoroughly  well  explained,  and, 
which  is  saying  a great  deal,  they  are  used  consistently  throughout.  Every 
important  proposition  is  followed  by  a number  of  good  examples  fully  worked 
out,  and  many  others  are  given  as  exercises.  ...  It  is  thoroughly  conscientious. 
In  fact,  from  a mathematical  point  of  view,  the  book  leaves  nothing  to  be 
desired.  Natu  re. 

“It  contains  all  those  parts  of  the  subject  which  can  be  treated  without  a 
knowledge  of  the  higher  branches  of  pure  mathematics.  The  matter  is  arranged 
in  accordance  with  the  most  modern  ideas,  and  the  preliminary  chapters  on 
kinematics  and  the  principles  of  dynamics  and  statics  are  very  carefully  written, 
the  definitions  and  proofs  being  clear  and  the  explanations  ample.” — Journal  of 
Education. 

“ ‘ Dynamics  ’ is  a term  now  generally  understood  as  the  science  of  force.  Con- 
sequently, this  work  includes  statics,  the  whole  forming  what  was  formerly 
known  as  mechanics.  After  a careful  perusal  of  the  ))ook,  we  can  confidently 
recommend  it.  It  bears  the  mark  of  great  care  in  explaining  principles.” — 
Education . 

“ This  text-book  may  be  read  with  advantage  by  candidates  for  the  London 
Matriculation  and  Intel’.  Science  and  similar  examinations.  It  will  be  found  of 
great  value  to  backward  students.” — University  Correspondent. 

Hydrostatics  and  Pneumatics.  By  R.  H.  Pinkerton,  b.a., 

Balliol  College,  Oxford;  Lecturer,  University  College,  Cardiff; 

Examiner,  Glasgow  University.  Crown  8vo,  cloth,  4s.  Qd. 

“This  is  a good  and  complete  work  on  the  subject.  It  is  a successful  attempt 
to  produce  a book  suitable  for  students  who  have  not  been  through  a course  in 
mechanics.  . . . Mr.  Pinkerton  writes  in  a clear  and  interesting  style,  the 
various  propositions  being  well  explained.  Numerous  examjdes  are  attached  to 
each  chapter,  and  a complete  set  of  answers  is  given  at  the  end.  The  book  is 
well  printed  and  illustrated.  ...  We  iiave  no  hesitation  in  recommending 
this  work  to  students  and  teachers.” — Journal  of  Education. 

“ In  Mr.  Pinkerton’s  treatise  we  find  a somewhat  more  extensive  treatment  of 
the  subject  than  is  usually  met  with  in  an  elementary  work.  . . . He  provides 
us  with  a manual  likely  to  be  very  useful  to  the  student  who  wishes  to  acquire  a 
fairly  wide  knowledge  of  the  subject,  witliout  the  formal  use  of  infinitesimal 
methods.  A good  feature  of  the  work  also  is  the  free  employment  of  experi- 
mental illustrations  and  verifications,  and  tlie  elal)orate  and  clear  illustration  of 
apparatus.  Both  these  points  are  noteworthy,  when  we  consider  how  many 
otherwise  good  text-books  suffer  from  the  defects  which  are  here  successfully 
avoided.” — Educational  Review. 

“The  author  is  especially  clear  in  his  explanations,  and  his  remarks  are  in 
many  cases  accompanied  with  diagrams  and  illustrations,  which  are  ahvays  of 
great  help  to  the  reader  studying  the  sulqect  for  the  first  time.  As  a text-book 
for  science  schools,  and  suitable  for  those  wishing  to  get  a thorough  insight  into 
the  subject,  the  book  will  be  sure  to  find  favour.” — Nature. 
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SCIENCE  TEXT-BOOKS.  Advanced  Series — Contd. 

‘ ‘ As  is  usual  throughout  this  excellent  science  series,  every  effort  is  made  to 
assist  the  student  by  the  adoption  of  the  simplest  language  and  by  leaving  no 
point  unexplained.”— Daily  Chronicle. 

“To  the  science  student  who  has  neglected  his  mathematics,  such  a text-book 
should  prove  invaluable.”— Educational  Times. 

A Text-Book  of  Heat.  By  Charles  H.  Draper,  b.a.,  D.Sc.Lond., 
Headmaster  of  the  Boys’  High  School,  Woolwich.  Crown  8vo, 
cloth,  4s.  Qd. 

“Dr.  Draper  has  furnished  us  with  a Text-Book  of  Heat,  well  suited  for 
students  in  science  colleges.  Instead  of  the  usual  chapter  or  so,  one-third  of  the 
hook  is  devoted  to  the  principles  of  thermodynamics.  The  work  is  complete, 
precise,  and  up  to  date.  . . . The  principles  of  thermodynamics  are  treated  in 
a simple  mathematical  manner,  and  are  worthy  of  the  study  of  all  students 
having  a slight  knowledge  of  the  calculus.  What  makes  this  part  of  the  work  of 
especial  vahie  is  the  fact  that  Dr.  Draper  has  wisely  illustrated  all  his  formulae 
by  numerical  examples.  Thus  a beginner  can  appreciate  that  the  theoretical 
results  have  a practical  value,  besides  knowing  how  to  apply  the  formulae  to 
specific  cases  that  may  arise.  The  illustrations— one  hundred  and  twenty-eight 
in  number— are  excellent  and  useful.  We  heartily  congratulate  Dr.  Draper  on 
his  hook,  and  trust  that  it  may  meet  with  the  success  that  it  deserves.”— Journal 
of  Education. 

“We  have  already  called  attention  to  the  excellent  series  of  elementary  text- 
books on  different  branches  of  science  which  are  being  issued  by  this  firm.  A 
high  standard  is  maintained,  and  the  authors  do  not  content  themselves  with  re- 
arranging the  contents  of  existing  books  and  peroetuating  their  errors.  Dr. 
Draper  has  i)roduced  an  excellent  introduction  to  the  subject,  having  consulted 
original  authorities,  and,  at  the  same  time,  cared  for  the  needs  of  practical 
students.  Illustrative  examples  abound.”— Oxford  Magazine. 

“This  is  a very  good  text-book.  It  contains  all  the  facts  and  methods  which  a 
text-l)ook  of  heat  is  expected  to  eontain,  and  also  many  which  have  not  hitherto 
usually  been  given,  but  without  which  the  text-book  of  the  future  will  hardly  be 
considered  complete.  ...  In  this  book,  the  very  latest  and  best  methods  are 
given  in  nearly  every  case,  and  are  generally  illustrated  by  figures  which  are  not 
mere  diagrams,  but  convey  a good  idea  of  the  apparatus  actually  used.”— 
University  Correspondent. 

“Dr.  Draper  has  endeavoured  in  the  present  volume  to  dispense,  as  far  as 
possible,  with  higher  mathematical  problems,  but  in  following  out  this  plan  he 
has  not  sacrificed  scientific  method.  Up  to  a certain  point,  of  course,  he  can 
carry  us  without  the  higher  branches  of  mathematics,  but  it  needs  great  skill, 
and  we  are  glad  to  say  that  he  has  contrived  to  perform  this  task  with  most 
tangible  and  happy  results.” — Educational  Review. 

“ This  is  an  excellent  introduction  to  the  study  of  heat,  profusely  illustrated, 
and  well  adapted  to  non-mathematical  readers.” — Educational  Times. 

“ The  whole  book  is  clear  and  concise  to  a degree,  and  not  the  least  interest- 
ing and  valuable  part  of  it  will  be  found  in  the  many  illustrations.”— Daily 
Chronicle. 

The  Arithmetic  of  Mag^netism  and  Electricity.  By  Robert 

Gunn,  Science  Lecturer,  Glasgow  School  Board.  F’cap  8vo,  cloth, 

2s.  Qd, 

“Will  he  found  very  useful  by  advanced  students,  and  is  certain  to  have  an 
excellent  effect  on  the  accuracy  of  their  work.”— University  Correspondent. 

“The  arithmetical  exercises  are  as  they  ought  to  be,  both  numeroiTS  and 
comprehensive,  for  only  by  a variety  of  illustrative  exercises  is  it  possible  to 
permanently  impress  upon  the  mind  tlie  meaning  of  the  fundamental  laws  under- 
lying any  science.”— Practical  Engineer. 
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SCIENCE  ’J’EXT-BOOKS.  Advanced  Sbkies— C'oniiZ. 

“In  Mr,  Robert  Gimii’s  Arithmetic  of  Magnetism  and  FAectricitg  i\\e  student  is 
provided  with  an  easy  and  intelligent  means  of  solving  the  arithmetical  questions 
contained  in  the  examination  papers  in  the  advanced  stage  of  the  Science  and 
Art  Department.  There  are  exam])les  for  illustration,  and  exercises  (with 
answers).  It  is  by  far  the  most  useful  hook  of  the  kind  we  know.”— National 
Observer. 

“A  small  text-book  treated  (juantitatively,  with  numerous  arithmetical  ex- 
amples. It  appears  to  be  very  accurate.” — Athenaeum. 

An  Elementary  Text-Book  of  Physiology  {Elementary  and 
Advanced).  By  J.  ISBGregok-IIobertson,  m.a.,  m.b.,  Lecturer  in 

Physiology,  (^ueen  IMargaret  College.  F’cap  8vo,  cloth,  4.s. 

•'A  good  system  of  arrangement  and  clear  expressive  exposition  distinguish 
this  book.  Definitions  of  terms  are  remarkalily  lucid  and  exact.”-  Saturday 
Review. 

“All  who  wish  to  acquire  anything  short  of  a professional  acqunintance  with 
physiology  will,  we  are  sure,  tind  all  they  need  set  forth  here  in  a very  interesting 
and  attractive  way.  Dilference  in  type  is  skilfully  used  to  distinguish  the  ele- 
mentary from  the  more  abstruse  sections,  and  copious  and  well-executed  illustra- 
tions aptly  elucidate  the  text.” — Glasgow  Herald. 

“It  is  written  with  a fulness  of  knowledge,  and  illustrated  with  a copiousness 
of  illustration,  that  make  it  almost  a medical  text-book.  For  any  purpose,  short 
of  ijrofessional  knowledge,  it  is  an  adequate  manual.  For  its  special  purposes  it 
is  admirably  adapted. ’’—Educational  News. 

“ That  the  book  really  is  a readable  one  there  can  be  no  doubt,  and  for  style 
and  general  accuracy  it  is  very  satisfactory  . . . the  author  is  to  be  congratulated, 
and  especially  so  upon  his  treatment  of  certain  leading  topics.”— Nature. 

“ A clear,  well  illustrated,  and  sound  introduction  to  this  science.”— University 
Correspondent. 

“Dr.  Robertson  writes  physiology  for  beginners,  but  he  writes  as  one  who 
knows  the  latest  on  the  subject,  and  is  all  the  more  intelligible  for  such  know- 
ledge. The  text  is  admirably  clear,  and  it  is  profusely  illustrated  with  woodcuts, 
which  are  well  executed.” — The  Lancet. 

The  Student’s  Introductory  Text -Book  of  Systematic 

Botany.  By  J.  W.  Oliver,  Lecturer  in  Botany  at  the  Birmingham 
Municipal  Technical  School.  Crown  8vo,  cloth,  4s.  Qd. 

“This  little  book  fulfils  in  a very  excellent  manner  the  main  requirements  of  a 
student’s  text-book.  It  contains  in  a condensed  yet  clear  form  the  cardinal  facts 
of  vegetable  morphology,  set  forth  in  logical  order  and  lucid  style.  The  author 
has  wisely  chosen  the  natural  and  sensible  method  of  commencing  with  the  lowest 
forms  of  vegetable  life,  and  tracing  the  gradual  evolution  of  the  plant  upwards  to 
its  most  complicated  forms,  and  he  has  further  given  excellent  descriptions  of 
readily  accessible  types,  so  that  the  student  will  easily  be  able  to  verify  for  him- 
self all  the  more  important  statements.  The  liook  is,  moreover,  copiously  and 
well  illustrated.  . . . For  the  student  for  whom  it  is  written  it  is  calculated  to 
be  of  great  service,  and  we  can  most  cordially  recommend  it.  ” — Oxford  Magazine. 

“ Mr.  Oliver  evidently  intends  that  his  book  should  supply  the  needs  of 
students  working  for  the  advanced  certificate  of  botany.  lie  has  certainly  sup- 
plied abundance  of  matter — nearly  four  hundred  pages  closely  printed  and  we 
think  that  he  has  adopted  the  right  method  of  treatment,  namely,  that  of  ascend- 
ing from  the  simplest  to  the  most  complicated  vegetable  organisms.  The  histology 
of  plants  has  received  careful  attention,  and  the  illustrations  relating  thereto  are 
very  presentable.  Mr.  Oliver  has  not  spared  himself  in  jireparing  the  inde.x, 
which  is  exceptionally  full  and  judiciously  arranged.”— Science  and  Art. 

“The  author’s  long  and  successful  experience  as  a teacher  has  enabled  him  to 
judge  with  accuracy  as  to  what  is  most  needed,  and  in  the  selection  of  the  matter, 
as  well  as  in  its  arrangement,  he  has  provided  the  student  with  a work  which  he 
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SCIENCE  TEXT-BOOKS.  Advanced  Series — Contd, 

Vvill  find  invaluable  in  the  early  stages  of  his  study.  The  diagrams  are  very 
numerous,  and  are  beautifully  executed.” — Educational  News. 

“It  is  an  admirable  and  scholarly  manual,  and  as  such  is  certain  to  make  its 
own  welcome  in  science  classes  as  well  as  in  the  higher  forms  of  schools.  Illustra- 
tions and  diagrams  are  freely  inserted  in  the  text,  and  serve  to  render  its  explana- 
tions clear.” — The  Speaker. 

“We  have  much  pleasure  in  recommending  it  to  students  about  to  enter  on 
advanced  systematic  work.  . . . The  illustrations  are  beautifully  clear,  and  are 
worthy  of  special  attention.” — University  Correspondent. 

“In  short,  this  new  inti-oductory  manual  to  systematic  botany— which,  by  the 
way,  is  very  well  illustrated— seems  to  us  to  form  an  admirable  text-book.”— The 
Lancet. 

Earth-Knowlsdg’©.  A Text-Book  of  Physiography.  By  W.  Jerome 
Harrison,  f.g.s.,  and  H.  Rowland  Wakefield.  388  pages,  fcap 
8vo,  cloth,  3s.  Also  in  Two  Parts:  Part  I.,  Is.  6c/.;  Part  II.,  2s. 

“There  can  be  no  doubt  about  the  usefulness  of  the  book  ...  it  is  excellent.” 
—Nature. 

“ The  matter  is  at  once  so  simply  and  so  skilfully  presented  that  the  book  will 
be  found  a useful  introduction  to  science  in  general.” — Glasgow  Herald. 

“The  Earth  Knowledge  of  IVIessrs.  Ilarrison  and  Wakefield  is  an  honest  and 
readable  treatise  on  the  science  of  physiography.” — Knowledge. 

“ Sure  to  do  some  practical  good  to  teachers  as  well  as  learners.” — Athenaeum. 
“ This  is  an  extremely  valuable  and  interesting  little  book.  It  is  the  work  of 
I>ractical  teachers  who  are  at  the  same  time  sound  scientists.  The  geological 
portions  of  the  book  are  eminently  reliable  and  quite  up  to  the  most  modern 
style  of  knowledge.  We  have  tested  the  information  by  the  most  recent  utter- 
ances of  our  savants,  and  as  a result,  can  confidently  recommend  the  work.” — 
Practical  Teacher. 

A Text-Book  of  Organic  Chemistry.  By  A.  Bernthsen,  Ph.,D. 
formerly  Professor  of  Chemistry  in  the  University  of  Heidelberg. 
Translated  by  George  M‘Gowan,  Ph.D.  New  Edition.  Crown  8vo, 
cloth,  7s.  Qd. 


“This  excellent  treatise  has  been  admirably  translated,  and  a very  useful  addi- 
tion has  been  made  to  the  English  scientific  student’s  library.  As  far  as  we  have 
tested  it  is  accurate,  and  it  is  certainly  sensible  in  arrangement  and  lucid  in 
style.” — Lancet.  \^See  also  page  2. 

\Desehanel’S  Natural  Philosophy.  An  Elementary  Treatise 
based  on  the  Traite  de  Physique  of  A.  Privat  Deschanel,  by  Pro- 
fessor J.  1).  Everett,  m.a.,  d.c.l.,  f.r.s.  13th  Edition.  Medium  8vo, 
cloth,  18s.;  also  in  Parts,  limp  cloth,  4s.  6d.  each.  {^See  also  page  2. 


Part  I.— Mechanics,  Hydrostatics,  &c.  Part  III. — Electricity  and  Magnetism. 
Part  II.— Heat.  Part  IV. — Sound  and  Light. 

“Probably  the  best  book  on  experimental  physics  we  possess.” — Academy. 
“Systematically  arranged,  clearly  written,  and  admirably  illustrated,  it  forms 
a model  work  for  a class  in  experimental  physics.” — Saturday  Review. 

Elementary  Text -Book  of  Physics.  By  Professor  Everett, 
M.A.,  D.C.L.,  F.R.S.  -Seventh  Edition.  F’cap  8vo,  cloth,  3s.  Qd. 


“After  a careful  examination  we  must  pronounce  this  work  unexceptionable, 
both  in  the  matter  and  the  manner  of  its  teachings.”— Journal  of  Science. 

“This  book  of  300  pages  well  fulfils  the  author’s  intention  of  providing  an 
elementary  text-book  which  may  especially  serve  as  an  introduction.” — Nature. 

“For  the  numerous  class  who  wish  to  learn  something  of  the  main  facts  of 
physics,  this  work  will  be  found  eminently  serviceable.”— Athenaeum. 
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BLACKIE’S  SCIENCE  TEXT-BOOKS.— 

ELEMENTARY  SERIES. 

Descriptive  Geometry:  including  Chapters  on  Plane  Geometry 
and  Graphic  Arithmetic.  By  Alex.  B.  Bobbie,  b.Sc.,  “Young” 
Assistant  to  the  Professor  of  Civil  and  Mechanical  Engineering, 
Glasgow  University.  Crown  8vo,  cloth,  2s.  6d. 

“ A little  book  possessing  many  good  points,  and  one  upon  which  great  pains 
have  evidently  been  spent.  There  are  about  350  diagrams  in  the  book,  all  of 
which  have  been  carefully  designed  by  the  author.  The  diagrams  and  explana- 
tory text  are  both  extremely  clear,  and  the  problems  well  arranged.  Elementary 
courses  in  jAane  geometry  and  graphic  arithmetic  are  included,  and  add  to  the 
value  of  a book  which  we  confidently  recommend  to  tlie  notice  of  teachers.” — 
Nature. 

“Special  features  are  Section  II.,  giving  the  definitions  of  solid  geometry  in  a 
masterly  way,  the  reduction  of  the  number  of  problems  to  a minimum,  and  the 
clever  and  elaborate  diagrams  which  have  been  designed  by  the  writer  himself. 
Sections  V.  and  VI.  give  introductions  to  the  subjects  of  plane  geometry  and 
graphic  arithmetic.” — Speaker. 

“Includes  elementary  courses  in  plane  geometry  and  graphic  arithmetic,  and 
forms  a useful  and  valuable  addition  to  the  series  in  which  it  apiiears.”— 
Scotsman. 

“Mr.  Dobble’s  is  an  excellent  little  book  of  an  elementary  kind,  in  every  way 
suited  to  the  use  of  students  beginning  the  subject.”— School  Guardian. 

First  Mathematical  Course.  Containing  Arithmetic,  Algebra, 
and  Euclid.  E’cap  8vo,  cloth,  with  Answers,  2s.;  without  Answers, 
Is.  9d.;  Answers  separate,  6d. 

“A  capital  handbook  for  junior  students.” — Academy. 

“The  value  of  the  work  depends  chiefly  on  its  exercises;  and  the  collection  is 
admirably  suited  to  the  purpose  for  which  it  is  intended.” — Scots  Observer. 

“The  explanations  are  necessarily  condensed,  but  are  clear  and  sufficient. 
The  very  large  number  of  exercises  and  problems  greatly  increases  the  value  of 
the  book.” — Educational  Times. 

Theoretical  Mechanics  (Solids  and  Liquids).  By  B.  H.  Pinker- 
ton, B.A.,  Balliol  College,  Oxford.  E’cap  8vo,  cloth,  2s.  Third  Edi- 
tion, suited  to  the  amended  Syllabus. 

“ Well  suited  for  candidates  in  the  Science  and  Art  examinations.  It  contains 
a vast  number  of  capital  exercises  (with  answers)  for  the  student,  with  illustra- 
tive examination  papers  by  which  to  test  his  progress.” — National  Observer. 

“The  book  may  be  used  with  profit  l>y  all  elementary  students  of  the  subject. 
Many  examples,  some  of  which  are  fully  worked  out,  and  a selection  of  questions 
from  the  examination  papers  of  the  Department  and  the  London  Matriculation 
are  given.”— Educational  Times. 

“Tlie  book  is  replete  with  carefully  worked  out  examples,  so  that  the  student 
is  largely  independent  of  a teacher.  Like  all  the  works  of  this  series  we  have 
seen  it  is  admirable.  It  is  clear,  concise,  and  practical,  and  well  calculated  to 
meet  the  purpose  intended.” — Practical  Engineer. 

“The  proofs  are  given  in  a clear  and  logical  manner,  and  many  fully  worked 
out  problems  are  added  to  the  proofs  to  illustrate  the  principles  enunciated. 
The  engravings  and  diagrams  are  most  abundant  and  admirably  adapted  to  aid 
the  pupil  in  his  study.  We  can  speak  of  the  volume  in  high  terms,  and  can 
strongly  recommend  it  to  the  notice  of  those  who  take  an  interest  in  theoretical 
mechanics,  either  as  teachers  or  students.  They  will  find  the  book  a veritable 
aid  to  a sound  understanding  of  the  subject.”— Schoolmaster. 
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An  Elementary  Text -Book  of  Applied  Mechanics.  By 

David  Allan  Low  {Whitworth  Scholar),  M.lnst.M.E.  F’cap  8vo, 

cloth,  2s. 

“A  trustworthy  and  in  all  respects  an  excellent  text-book.”  — Practical 
Teacher. 

“This  is  an  excellent  little  text-book.  . . . The  diagrams  are  especially 

good,  and  the  descriptive  portions  accompanying  them  are  clear  and  concise.  A 
striking  and  most  useful  feature  Avill  be  found  in  the  unusually  large  number  of 
exami)les  following  each  chapter,  typical  exami>les  also  being  worked  out  between 
the  articles.  . . . The  book  is  one  which  can  be  recommended,  and  will  no 

doubt  be  well  received  by  teachers  and  students  alike.” — Nature. 

“This  is  a very  suitable  text-book  for  students  who  are  preparing  for  the 
examinations  of  the  Science  and  Art  Department  in  aj^plied  mechanics.  Care- 
fully arranged  exercises  follow  each  chapter.  The  diagrams  are  clear  and  intelli- 
gible.”— Educational  Times. 

“ The  chapters  are  very  full  and  accurate,  and  illustrated  by  an  abundance  of 
questions,  some  of  which  are  solved  as  models,  while  the  others  are  left  for  the 
pupil’s  practice.”— School  Guardian. 

“We  commend  it  highly  for  its  clear  and  concise  arrangement  and  method  of 
exposition,  and  for  the  large  number  of  well-chosen  examples  which  are  to  be 
found  in  it,  and  think  it  will  be  useful  to  a large  class  of  students.”— Industries. 


Outlines  of  Natural  Philosophy.  (For  subject  Alternative 
Physics.)  By  Professor  J.  D.  Everett,  m.a.,  d.c.l.,  f.r.s.  F’cap  8vo, 
cloth,  4s. 

“ It  possesses  all  the  systenicttic  arrangement  and  lucidity  of  the  author’s  for- 
mer publications,  and  the  illustrations,  which  are  abundant,  leave  nothing  to  be 
desired.” — Athenaeum. 

“A  class-book  that  teachers  will  assuredly  welcome  for  its  lucid  dealing  with 
the  various  branches.  Special  attention  is  devoted  to  electricity.” — Daily 
Chronicle. 

“A  text-book  of  high  merit  and  utility.”— Scotsman. 

“ The  author  has  succeeded  in  avoiding  technicalities,  as  far  as  is  possible  in  a 
book  of  this  description;  the  explanations  are  concise  and  at  the  same  time,  Avith 
very  few  exceptions,  quite  full  enough.” — Literary  World. 

“ Mr.  Everett  writes  clearly  as  well  as  exactly,  and  his  teaching  is  still  further 
simplified  and  aided  by  the  introdiiction  of  as  many  as  216  engravings  on  wood. 
The  book  is  admirably  fitted  to  popularize  a difficult  but  most  valuable  study.” — 

Daily  Review. 

“The  explanations  are  admirably  lucid;  there  is  a careful  avoidance  of  techni- 
calities; and  in  every  branch  of  the  science  the  very  best  methods  have  been 
adopted  to  ensure  a thorough  grasp  of  the  subject  on  the  part  of  the  student.” — 
School  Board  Chronicle. 


Light,  Heat,  and  Sound.  By  Charles  H.  Draper,  D.Sc.Lond., 

Headmaster  of  the  Woolwich  High  School.  F’cap  8vo,  cloth,  2s. 

“ Evidently  prepared  with  great  care.”— University  Extension. 

“A  well  printed  and  neatly  illustrated  book.  The  statements  are  clear  and 
accurate.  We  can  cordially  recommend  it.” — Practical  Teacher. 

“A  valuable  addition  to  Blackie’s  series  of  science  text-books.  . . . For 

fulness,  accuracy,  adaptability  to  its  purpose,  and  we  may  add  cheapness,  Ave 
strongly  recommend  this  useful  text-book.” — Schoolmaster. 
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Magnetism  and  Electricity.  By  W.  Jerome  Harrison  and 
Charles  A.  White.  F’cap  8vo,  cloth,  2s. 

“ We  should  award  this  volume  a high  place  among  hooks  of  its  class.  The 
chapter  on  ‘ Potential’  is  specially  to  be  commended.” — Education. 

“The  subject  is  so  gradually  and  so  simply  developed  that  it  requires  com- 
paratively little  effort  to  follow  and  to  master  the  reasoning.” — Educational 
News. 

Elementary  Inorganic  Chemistry.  Theoretical  and  Practical. 
With  examples  in  Chemical  Arithmetic.  By  Professor  A.  Humboldt 
Sexton,  f.r.s.e.,  f.i.c.,  f.c.s.  F’cap  8vo,  cloth,  2s.  iid.  Specially 
corrected  to  meet  the  1894-05  Syllabus. 

“General  principles  are  clearly  laid  down,  and  particular  attention  is  devoted 
to  the  important  subject  of  chemical  arithmetic.” — Daily  Chronicle. 

“A  very  well  arranged  and  carefully  written  volume,  and  so  far  as  it  goes  is 
admirably  adapted  to  impart  a sound  knowledge  of  the  general  laws  of  the  science 
and  of  the  nature  and  properties  of  many  of  the  commoner  substances.  The 
laws  and  generalizations  are  stated  in  a very  clear  and  intelligible  manner,  any 
exceptions  to  the  general  rules  being  noted,  but  no  attempt  being  made  to  strain 
any  facts  so  as  to  make  them  conform  to  general  rules.” — Pharmaceutical 
Journal. 

“ Chemical  Physics  and  Arithmetic  receive  a greater  amount  of  attention  than 
is  usual  in  such  books;  and  the  exercises,  experiments,  and  questions  are  well 
selected.” — National  Observer. 

“Provides  a very  thorough  course  of  study  in  all  that  is  usually  understood  by 
‘ elementary  chemistry  ’.  . . . In  every  respect  the  work  is  admirably  adapted 
to  the  needs  of  students.  The  chapters  on  chemical  arithmetic  are  especially 
full,  the  author  giving  due  recognition  to  the  importance  of  numerical  work.” — 
School  Board  Chronicle. 

“The  book  seems  to  us  to  be  well  up  to  date,  and,  in  common  with  other 
volumes  of  the  series,  is  very  clearly  printed.  It  is  a welcome  addition  to  a 
valuable  little  series.” — Educational  Review. 

ChoniistPy  fOP  All,  or  Elementary  Alternative  Chemistry  in  accor- 
dance with  the  Science  and  Art  Syllabus.  By  W.  Jerome  Harrison, 
F.G.s.,  and  B.  J.  Bailey.  F’cap  8vo,  cloth.  Is.  6c?. 

“ The  matter  contained  in  the  book  is  accurate,  well  arranged,  and  tersely 
expressed.  We  can  recommend  this  Chemistry  as  one  of  the  best,  if  not  the  best, 
of  its  kind  we  have  seen.”— Journal  of  Education. 

“Without  the  use  of  symbols  and  formulae,  the  student  will  acquire  from  this 
work  a very  fair  knowledge  of  the  subject,  sufficient  to  enable  him  to  pass  on 
without  difficulty  to  the  study  of  other  sciences.”— University  Correspondent. 

“ The  little  book  before  us  might  with  profit  be  placed  in  the  hands  of  all  those 
desirous  of  a sound  acquaintance  with  the  rudiments  of  chemical  science.  It  is 
clearly  and  simply  written,  the  introduction  of  perplexing  symbols  and  formulm 
has  been  avoided,  and  many  of  the  experiments,  as  will  be  obvious  to  the  intelli- 
gent reader,  may  be  performed  with  the  simplest  of  materials.” — Lancet. 

“ Chemistry  for  All  is  the  title  of  an  admirable  little  primer  Avhich  deals  in  a 
clear  and  practical  way  with  the  elements  of  one  of  the  most  attractive  branches 
of  science.  . . . The  young  student  is  not  intimidated  at  the  outset  by  the  forbid- 
ding hieroglyphics  which  bar  the  gates  of  knowledge  in  most  books  on  chemistry. 
Yet  the  treatise  is  the  reverse  of  superficial,  and  those  who  master  it  will  have 
reason  to  congratulate  themselves  on  having  left  behind  the  initial  difficulties  of 
the  science.  The  diagrams  and  other  illustrations  are  not  only  numerous,  but 
of  exceptional  merit.” — The  Speaker. 
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SCIENCE  TEXT-BOOKS.  Elementary  Series— 

A Course  of  Qualitative  Chemical  Analysis,  Inoeganic  and 
Organic.  {Elementary  and  Advanced.)  By  Edgar  E.  Horwill, 
F.C.S.,  Lecturer  in  Chemistry  at  the  Pupil  Teachers’  Centre,  Battersea. 
E’cap  8vo,  cloth,  2s.  Specially  corrected  to  meet  the  1894-95  Syllabus. 


“ We  have  been  much  struck  with  this  little  book.  The  method  of  approaching 
the  subject  has  the  merit  of  originality;  the  arrangement  is  clear,  the  directions 
concise,  and  the  hand  of  the  practical  and  experienced  teacher  plainly  visible. 
Science  teachers  in  search  of  a book  on  qualitative  analysis  are  strongly  recom- 
mended to  see  this  little  work.” — Journal  of  Education. 

“ Amongst  smaller  school-books  which  call  at  least  for  a passing  word  of  hearty 
recognition  is  Qualitative  Chemical  Analysis,  by  Mr.  Edgar  Horwill,  a text-book 
Avhich  gives,  in  addition  to  exact  information  on  the  methods  of  chemical  analy- 
sis, many  valuable  hints  to  beginners.” — The  Speaker. 

“ Tlie  book  is  simply,  clearly,  and  practically  expounded  in  a manner  that 
should  meet  the  needs  of  any  beginner  in  chemistry.” — Scotsman, 

“The  book  is  thoroughly  practical,  and  does  credit  to  the  author.”— Science 
and  Art. 


An  Elementary  Text-Book  of  Geology.  By  w.  Jerome  Har- 
rison, F.G.S.,  Joint- Author  of  “Earth-Knowledge”,  &c.  E’cap  8vo, 
cloth,  2s. 


“ A clearly  written,  compact  manual  for  elementary  study  of  geology,  and  one 
that  commends  itself  to  the  scientific  educator  as  Avell  as  to  the  scientist.  The 
opening  chapters  on  the  basis  of  geology  are  exceedingly  satisfying,  and  the 
arrangement  of  material  throughout  the  book  can  hardly  be  improved.”— Journal 
of  Education. 


“This  is  one  of  Llackie’s  ‘Science  Text-books’,  and  one  of  the  most  excellent 
6i)ecimens  of  that  class  of  book  that  the  beginner  could  have  the  good  fortune  to 
meet  with.  A text-hook  usually  tries  to  convey  such  a mass  of  information  in  a 
small  compass  that  it  is  bound  to  more  or  less  pervert  the  truth  by  the  mere  pro- 
cess of  compression.  Mr.  Harrison  has  aimed  at  giving  a wide,  rather  than  a 
full  knowledge  of  his  subject.  In  liis  definitions  and  explanations,  he  has  taken 
the  greatest  care  really  to  meet  the  difficulties  of  the  beginner,  and  has  not  been 
content  with  hackneyed  phrases.”— Spectator. 

“ Singularly  lucid  in  its  explanations,  and  there  is  a crisp  conciseness  about 
Mr.  Harrison’s  style  which  makes  us  feel  that  we  are  in  company  with  a teacher 
w'ho  is  successful  as  well  as  experienced.”— Education. 

“The  book  is  exceedingly  well  put  together,  and  is  the  best  text-book  in  this 
branch  of  science  for  the  beginner  we  have  yet  come  across.”— Literary  World. 

“A  good  example  of  careful  condensation  and  arrangement;  small  as  the  book 
is  there  is  a unity  about  it,  and  the  methodical  hand  of  the  teacher  is  apparent 
throughout.” — School  Guardian. 


Elementary  Physiology. 

cloth,  2s. 


By  Vincent  T.  Murch^.  E’cap  8vo, 


“ We  can  confidently  recommend  this  most  admirable  work.”— British  Medical 
Journal. 

“This  manual  is  so  simply  worded,  and  yet  so  packed  with  information  that  it 
will  be  found  of  the  greatest  use  to  young  students.  The  sections  are  suitably 
divided,  and  the  four  parts  into  which  the  book  is  split  up  are  convenient  for 
study.  There  is  an  admirable  feature  about  this  little  work  which  alone  makes 
it  of  unusual  value ; while  the  diagrams  are  printed  in  black,  the  names  of  the 
several  parts  illustrated  are  printed  in  red.”— Education. 

“Its  teaching  is  sound,  concise,  and  up  to  date,  and  the  care  with  which  the 
little  book  is  illustrated,  leaves  little  to  be  desired  either  bv  teacher  or  pupil.”— 
Hospital  Gazette. 
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SCIENCE  TEXT-BOOKS. 


Elem en  ta  ky  Sek I es — Contd. 


Elementary  Botany.  By  Joseph  W.  Oliver,  Lecturer  on  Botany 
and  Geology  at  the  Birmingham  Municipal  Technical  School.  E’cap 

8 VO,  cloth,  2s. 

“Each  part  is  well  ami  carefully  treated,  the  illustrations  being  particularly 
good,  though  a large  number  have  done  good  service  before.”— University  Corre- 
spondent. 

“The  subject  is  clearly  set  out,  and  the  book  will  certainly  suit  the  require- 
ments of  those  students  for  whom  it  is  intended.”— Educational  Times. 

“ This  well-written  little  manual  bears  a strong  family  likeness  to  tbe  other 
volumes  of  the  series  in  the  matter  of  admirably  clear  illustrations,  pleasant  type, 
and  good  paper.  Mr.  Oliver  deals  first  with  general  mori)hology,  next  with  the 
anatomy  of  plants,  and  then  with  their  physiology.  From  this  point  he  proceeds 
to  deal  with  flowers— their  morphology  and  physiology — and  in  tlie  concluding,' 
chapters  we  have  the  classiflcation  and  descrii)tion  treated.  The  illustrations  are 
very  plentiful,  and  there  is  a capital  index.” — Education. 

“The  book  is  a credit  to  both  author  and  publishers.  It  is  distinguished  by 
accuracy,  by  remarkable  clearness  of  statement,  and,  for  its  size,  by  great  fulness, 
The  paper  and  print  are  all  that  could  be  desired,  and  tbe  illustrations  are  excel- 
lent. . . . It  is  an  enormous  advantage  to  the  young  student  to  be  able  to  obtain 
in  so  small  a compass,  and  for  so  low  a price,  the  newest  information  upon  critical 
points.  This  feature  alone  places  this  little  work  far  ahead  of  all  competitors, 
and  as  its  merits  become  known,  it  will  be  ‘just  the  book  I wanted’  to  both 
teacher  and  student.  ...  We  strongly  recommend  to  all  concerned  this  capital 
elementary  botany,  as  providing  not  only  a sure  road  to  a ‘pass’,  but  also  as 
securing  a sound  knowledge  of  this  interesting  science.” — Schoolmaster. 

“ May  without  exaggeration  be  pronounced  to  be  one  of  the  l)est  of  our  existing 
elementary  treatises  on  botany.” — Midland  Naturalist. 


Elementary  Text-Book  of  Coal  Mining*.  By  Bobert  Peel, 
Mining  Engineer,  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  and  of  the  British  Society  of 
Mining  Students.  With  many  illustrations,  and  a coloured  Map  of 
the  Coal  Fields.  F’cap  8vo,  cloth,  2s.  6d. 

“ Elementary  students  of  coal  mining  will  And  Mr.  Peel’s  book  a very  excellent 
guide  in  their  early  studies,  and  even  advanced  students  may  refer  to  it  with 
advantage.  It  deserves  a place  in  all  collections  of  mining  literature.” — Science 
and  Art  of  Mining. 

“The  volume  will  be  found  extremely  useful,  and  we  have  pleasure  in  recom- 
mending it  not  only  to  those  students  who  are  desirous  of  becoming  colliery 
managers,  but  to  all  underground  workers,  for  whom  a knowledge  of  the  nature 
of  their  hazardous  employment  may  be  said  to  be  absolutely  necessary.  Tbe 
book  is  well  illustrated,  and  a useful  glossary  of  mining  terms  has  been  added  by 
the  author.” — Coal  and  Iron. 

“Mr.  Peel’s  class-book  is  the  best  we  have  seen,  and  will  prove  of  the  greatest 
service,  as  we  have  already  suggested,  to  both  the  engineering  student  and  the 
working  miner  himself.”— Daily  Chronicle. 

“We  can  recommend  this  admiralfle  text-book  to  all  who  are  entering  upon  the 
study  of  the  theory  of  coal  mining.”— Colliery  Manager. 

“There  is  a completeness  and  a common  sense  about  this  book  wbich  we  could 
wish  to  see  repeated  in  many  similar  text-books.  . . . We  would  recommend 
natural  science  teachers,  teachers  of  commercial  geography,  and  the  like,  to  make 
themselves  acquainted  with  Mr.  Peel’s  excellent  manual,  in  order  that  they  may 
occasionally  bring  before  their  pupils  a resxtmi  of  the  great  coal  industry  of  this 
country,  and  in  doing  this  they  will  be  much  helped  by  the  clear  diagrams  which 
are  contained  in  the  work,  and  could  be  very  easily  reproduced  upon  the  black- 
board.”— The  Educational  Review. 
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SCIENCE  TEXT-BOOKS.  Elementary  Series — Contd. 

“This  little  book  is  written  on  the  right  lines.  Its  author  is  an  engineer  who 
has  in  his  own  person  proved  the  value  of  a grasp  of  principles  in  carrying  out 
practical  colliery  work.  He  moreover  seems  to  have  had  some  experience  in 
teaching,  and  it  is  probably  to  this  that  he  owes  the  clearness  of  statement  and 
sense  of  proportion  which  form  a special  merit  of  his  handbook.  At  any  rate, 
he  has  supjdied  elementary  students  of  coal  mining  with  an  excellent  introduction 
to  the  larger  and  more  extensive  treatises  on  the  subject.  The  illustrations  are 
in  keeping  with  the  text — simple,  intelligible,  and  without  unnecessary  detail.” — 
Athenaeum. 

Elements  of  Metallurg’y.  By  W.  Jerome  Harrison,  f.g.s.,  and 
William  J.  Harrison,  Jim.  Fully  illustrated,  250  pages.  F’cap 
8vo,  cloth,  2s.  Qd.  [/ws^  Puhlished. 

X 

Earth  Knowledge.  Part  I.  A Text-Book  of  Elementary 
Physiography.  By  W.  Jerome  Harrison,  f.g.s.,  and  H.  Rowland 
Wakefield.  F’cap  8vo,  cloth,  Is.  6cZ. 

See  reviews  under  Earth  Knowledge  on  page  6. 

Elementary  Agriculture.  Edited  by  R.  P.  Wright,  Professor 
of  Agriculture,  Glasgow  and  West  of  Scotland  Technical  College. 
F’cap  8vo,  cloth.  Is.  6d. 

“It  is  as  useful  and  trustworthy  a little  treatise  of  the  kind  as  we  have  seen.” 

— Nature. 

“ As  a text-book  it  is  thoroughly  trustworthy.  Professor  Wright  has  compiled 
the  matter  with  great  care  and  marked  ability.” — Irish  Farming  World. 

“ We  have  pleasure  in  bringing  this  useful  little  work  before  the  notice  of 
those  readers  who  liave  written  to  us  for  guidance  as  to  the  books  they  should 
study.  It  is  especially  suited  for  that  large  body  of  students  who  have  to  get  on 
as  best  they  can  without  ‘ class  ’ teaching,  and  by  them  the  examination  papers 
will  be  found  most  valuable.” — Farm  and  House. 

“There  must  be  hundreds  of  schools,  in  purely  rural  districts,  to  whose  educa- 
tional curriculum  such  a hand-book  as  this  must  be  specially  suitable.”— School 
Board  Chronicle. 

\ Elementary  Hygiene.  By  H.  Rowland  Wakefield,  Science 
Demonstrator,  Swansea  School  Board,  Joint-Author  of  Earth-Know- 
ledge, &c.  F’cap  8 VO,  cloth,  2s. 

“After  careful  examination,  we  are  glad  to  say  that  this  work  is  not  only 
accurate  but  embraces  many  of  the  latest  ideas  on  these  subjects.  The  suggestive 
chapters  on  school  hygiene  should  be  of  interest  to  every  teacher.  A good 
system  of  arrangement  and  clear  exposition  are  noteworthy  features  of  the 
book.  The  illustrations  are  thoroughly  good  and  suited  to  the  text.’’— Journal 
of  Education. 

“There  can  be  no  doubt  as  to  the  educational  value  of  this  lucid,  orderly  little 
work,  which,  moreover,  can  be  cordially  recommended  to  those  who  have  no  fear 
of  examiners  before  their  eyes.  It  is  as  interesting  and  easy  to  read  as  many  a 
popular  magazine.  Guard  ian . 

“This  is  one  of  the  very  best  elementary  text-books  of  hygiene.  It  is  clearly 
and  sensibly  written,  up  to  date,  and  well  illustrated.  The  chapters  on  construc- 
tion of  dietaries,  school  epidemics,  and  school  furniture  are  especially  excellent.” 
—Educational  Times. 

“A  capital  little  book,  and  useful  to  everybody.” — Educational  News. 
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GUIDES  TO  THE  SCIENCE  EXAMINATIONS. 


A Series  of  Aids  for  Students  preparing  for  the  Examinations  of  the 
Science  and  Art  Department,  with  Hints  liovv  to  work  the  Papers, 
and  Answers  to  Questions.  Edited  by  W.  J.  Harrison.  Answers 
hy  leading  Specialists  in  the  respective  subjects. 


ELEMENTARY  SERIES— GcL  each. 


Applied  Mechanics  (Ans.  1884-94). 
Theoretical  Mechanics  (1887-94). 
Botany  (Ans.  1884-94). 

Physiology  (Ans.  1884-94). 
'^Physiography  (Ans.  1882-94). 
Agriculture  (Ans.  1884-94). 
Mining  (Ans.  1884-94). 
Metallurgy  (Ans.  1888-94). 


p Magnetism  and  Electricity  (Ans. 

1883-94). 

"■NIlHEMISTRY  (Ans.  1882-94). 

First  Stage  Mathematics  (1883-94). 
Alternative  Chemistry  (Ans.  1887-94). 
Geology  (Ans.  1883-94). 

Sound,  Light,  and  Heat  (Ans. 
1886-94). 

\Hygiene  (Ans.  1886-94). 


ADVANCED  SERIES-8d.  each. 


Physiography  (Answers  (1884-94). 
'""Hygiene  (Answers  1886-94). 
*^-<Heat  (Answers  1881-94). 


Agriculture  (Answers  1885-1894). 
Chemistry  (Answers  1886-1894). 


Test  Papers  in  Mathematics.  Adapted  to  the  requirements  of 
Stage  I.  of  the  Science  and  Art  Department.  Arranged  by  R. 
Roberts.  32  Papers — 480  Examples.  Price  6ri. 


CHEMISTRY  DEMONSTRATION  SHEETS. 

These  present  in  bold  outline  the  Apparatus  used  in  the  experiments  of 
a First  Course,  and  underneath  each  Diagram  is  set  down  the 
Chemical  Formula  of  the  experiment.  Eight  sheets  in  the  Set, 
printed  on  strong  manilla  (37"  x 28"),  on  rollers ; each  sheet,  3s.  6rf. 
The  following  are  the  several  sheets : — 

Sheet  l.  Preparation  of  Gases : H,  CO2,  H2S. 

,,  2.  Preparation  of  Nitrogen  fi’om  Air  and  from  Ammonia. 

,,  3.  Preparation  of  Hydrogen  from  Steam.  Metals  which  decompose 

steam  at  a red  heat — Fe,  Mn,  Cr,  Zn,  Ni,  Co. 

,,  4.  Preparation  of  Nitrous  Oxide,  and  Preparation  of  Nitric  Oxide. 

,,  5.  Manufacture  of  Sulphuric  Acid  Demonstrated. 

„ 6.  Gravimetric  Composition  of  Water. 

,,  7.  Volumetric  Composition  of  Gases  H2O,  HCl,  NoO. 

„ 8.  Equivalence,  Valency,  or  Atomicity  Table. 

Redxiced  facsimiles  and  full  ProspecUis  on  application. 

“ We  have  no  hesitation  in  saying  that  they  are  just  what  is  wanted,  and  we 
strongly  recommend  teachers  to  avail  tliemselves  of  the  great  aid  thus  afforded 
at  a comparatively  small  expense.  Such  figures  hung  on  the  walls  of  lecture- 
rooms,  so  as  to  frequently  present  themselves  to  the  eye  of  the  student,  will  tend 
to  fix  in  his  memory  the  ideas  and  facts  which  it  is  the  object  of  the  charts  to 
convey.” — Science  and  Art. 
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BLACKIE’S  SCIENCE  FOR  BEGINNERS. 


X 


Agriculture  for  Beginners.  144  pp.,  doth,  is.  Also  in  three 
Parts,  paper  3c?.;  cloth,  4f/.  each. 

Chemistry  for  Beginners.  By  W.  Jerome  Harrison.  144  pp., 
cloth.  Is.  Also  in  three  Parts,  paper,  4cZ.;  cloth,  5c?.  each. 

Animal  Physiology  for  Beginners.  By  Vincent  t.  Murche 
144  pp.,  cloth.  Is.  6f?.  Also  in  Parts.  Part  L,  paper,  4c?.;  cloth,  5c?-. 
Parts  II.  and  III.,  paper  5c?.;  cloth,  6c?»  each. 


Mechanics  for  Beginners.  220  pp.,  doth,  is.  6c?.  Part  I., 
paper,  4c?.;  cloth,  5c?.  Parts  II.  and  III.,  paper,  5c?.;  cloth,  6c?. 
each. 


Botany  for  Beginners.  By  Vincent  T.  Murche.  144  pp.,  cloth. 
Is.  Also  in  three  Parts,  paper,  3c?.;  cloth,  4c?.  each. 

^ Magnetism  and  Electricity  for  Beginners.  By  w.  G. 

Baker,  m.a.  144  pp.,  cloth.  Is.  Also  in  three  Parts,  paper,  3c?.; 
cloth,  4c?.  each. 


SCIENTIFIC  AND  TECHNICAL  TREATISES, 

HANDBOOKS,  &c. 

The  Movements  of  Respiration  and  their  Innervation  in 
the  Rabbit.  By  Max  Marckwald,  m.d.  Translated  by  Thomas 
Arthur  Haig.  Illustrated.  Super-royal  8vo,  cloth,  10s. 

“ . . . Possesses  so  many  points  of  importance  which  have  hitherto  been 
overlooked,  that  we  think  all  persons  interested  in  this  branch  of  medical  science 
should  obtain  it.  The  book  contains  ([uite  a number  of  charts,  all  of  which  are 
well  executed  and  appropriate,  which  is  a good  deal  more  than  can  be  said  of 
many  similar  works.”— University  Medical  Magazine. 

“The  book  is  wonderfully  well  illustrated  by  tracings  and  its  value  is  greatly 
enhanced  by  their  clearness  and  careful  execution.  We  sincerely  hope  that  all 
interested  in  nervous  mechanisms,  even  elsewhere  than  that  of  respiration,  may 
show  their  appreciation  of  the  work.  Many  lines  of  original  research  open 
themselves  after  a i>erusal  of  its  pages,  and  questions  of  vital  interest  are 
answered  with  clearness  and  exactitude.” — International  Journal  of  the 
Medical  Sciences. 

The  Natural  History  of  Plants:  Their  Forms,  Growth,  Repro- 
duction, and  Distribution.  From  the  German  of  Anton  Kerner 
VON  Marilaun,  Professor  of  Botany  in  the  University  of  Vienna. 
Translated  by  F.  W.  Oliver,  m.a.,  D.Sc.,  Quain  Professor  of  Botany  in 
University  College,  London,  with  assistance  of  Marian  Busk,  B.Sc., 
and  Mary  Ewart,  b.Sc.  With  about  1000  original  Woodcut  Illus- 
trations and  Sixteen  Plates  in  Colours.  Issued  in  Sixteen  Parts 
imperial  8vo,  published  monthl}^,  price  2s.  6c?.  each  net;  also  in  four 
half- volumes,  at  intervals  of  four  months,  12s.  6o?.  each  net.  [See  p.  2. 

“Professor  Anton  Kerner,  of  Vienna,  has  long  been  recognized  as  one  of  the 
ablest  exponents  in  Europe  of  the  science  of  botany,  and  his  Pjianzenleien  is  a 
standard  work.  . . . The  irksome  task  of  translation  has  been  excellently 

accomplished,  and  in  a manner  which  preserves  the  literary  charm  of  the  original 
text.  Professor  Kerner’s  book,  though  written  on  popular  lines,  is  both  scholarfv 
and  exact  in  statement,  though  needless  technicalities  have  been  avoided.” — Th^ 
Speaker. 
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SCIENTIFIC  TKEATISES,  &c.— Continued. 

Seienee  Teaching’  in  Schools.  By  Henry  Dyer,  m.a.,  d.sc.,  &c. 
With  Appendix  containing  Science  Curricula  of  various  Educational 
Institutions.  Crown  8vo,  cloth,  2s. 

“ It  is  pleasant  to  come  across  a book  so  sensible  and  shrewd  as  Dr.  Henry 
Dyer’s  Science  Teaching  in  Schools.” — The  Speaker. 

“It  is  really  w'orthy  of  publication,  inircliase,  perusal,  and  attention.” — 
Educational  News. 

“ Dr.  Dyer’s  book  deserves  to  be  widely  read,  not  only  for  its  sound  views  on 
science  teaching,  but  for  the  enlightened  and  generous  view  which  he  takes  of 
education  as  a whole.”— Glasgow  Herald. 

“ We  recommend  to  candidates  of  all  grades  for  tlie  office  of  teacher  his 
remarks  on  the  i>lace  in  education  of  e.xperiments,  examinations,  and  imagina- 
tion.”— Athenaeum. 

“One  can  see  that  the  writer  has  an  intelligent  idea  not  only  of  the  sul)jects 
which  should  be  included  in  a good  scheme  of  education  but  also  of  the  methods 
of  instruction  necessaiy  to  be  adopted.”-  Schoolmaster. 

T1i6  Stsam  Eng’ine : A Treatise  on  Steam  Engines  and  Boilers. 
By  Daniel  KinnexVR  Clark.  Two  vols.,  super-royal  8vo,  cloth, 
50s.  net. 

“ Mr.  Clark’s  book  is  an  improvement  on  former  works  in  arrangement,  in 
concentration,  in  selection  of  subjects.” — The  Engineer. 

“One  of  the  most  comprehensive  treatises  on  the  steam  engine  yet  published, 
and  may  be  relied  upon  as  indicating  the  latest  practice  of  engineers.” — Iron. 

“A  work  of  the  greatest  value  to  all  interested  in  the  construction  and  use  of 
the  steam  engine.  ...  It  will,  we  tliink,  be  found  indispensable  in  engineer- 
ing works,  and  of  the  greatest  value  to  the  student.” — The  English  Mechanic. 

“ This  treatise  amply  sustains  IVIr.  Clark’s  reputation  as  an  author.  It  is  written 
in  the  same  clear  and  accurate  style  that  characterizes  his  other  works,  and  as 
the  bulk  of  the  work  and  the  numerous  diagrams  indicate,  he  has  not,  like  many 
other  writers  on  the  steam  engine,  sacrificed  clearness  to  brevity.  The  work  is 
eminently  a practical  one.  Altogether  it  is  the  most  satisfactory  general  treatise 
on  the  steam  engine  which  has  appeared  in  the  English  language.” — The  En- 
gineering and  Mining  Journal  (New  York). 

A Manual  of  Rules,  Tables,  and  Data,  for  Mechanical  En- 
gineers. Based  on  the  most  recent  investigations.  By  Daniel 
Kinnear  Clark,  author  of  “Railway  Machinery”,  &c.  &c.  Illus- 
trated with  numerous  Diagrams.  Eourth  edition,  large  8vo  (1000  pp.), 
cloth,  IBs.;  or  half-bound,  20s. 

“ The  book  supplies  a want  long  felt  by  mechanical  engineers.  It  constitutes 
the  best  volume  of  reference  we  know.” — The  Engineer. 

“We  regard  the  book  as  one  which  no  mechanical  engineer  in  regular  practice 
can  afford  to  be  without.”— Engineering. 

The  Carpenter  and  Joiner’s  Assistant.  By  James  New- 
lands,  late  Borough  Engineer  of  Liverpool.  Being  a Comprehensive 
Treatise,  theoretical  and  practical,  on  the  selection,  preparation,  and 
strength  of  Materials,  and  the  mechanical  principles  of  Framing, 
with  their  applications  in  Carpentry,  Joinery,  and  Hand  Railing,  &c. 
Illustrated  by  above  100  engraved  Plates,  and  700  figures  in  the 
text.  Super-royal  4to,  half-morocco,  £2,  15s. 

“ We  know  of  no  treatise  on  carpentry  and  joinery  which  at  all  approaches 
this  in  merit.  . . . We  strongly  urge  our  practical  mechanics  to  ol)tain  and 
study  it.”— Mechanics’  Magazine. 
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SCIENTIFIC  TREATISES,  &c.— Continued. 

The  Practical  Measurer:  A Series  of  Tables  for  the  use  of 
Wood  Merchants,  Builders,  Carpenters,  Joiners,  Sawyers,  Plasterers, 
Painters,  G-laziei-s,  Masons,  Bricklayers,  &c.  With  a treatise  on  the 
Mensuration  of  Superficies  and  Solids.  Illustrated  with  Diagrams 
and  Examples.  By  Alexander  Peddie.  F’cap  8vo,  bound,  7s.  6d 

The  Agriculturist’s  Calculator.  A Series  of  Forty-five  Tables 
for  Land  Measuring,  Draining,  Manuring,  Planting,  Weight  of  Hay 
and  Cattle  by  Measurement,  Building,  &c. ; forming  a complete 
Beady  Beckoner  for  all  engaged  in  Agriculture.  16th  thousand. 
F’cap  8 VO,  bound,  9s. 


MATHEMATICS. 

Euclid’s  Elements  of  Geometry.  With  Notes,  Examples,  and 
Exercises.  Arranged  by  A.  E.  Layng,  m.a..  Headmaster  of  Stafford 
Grammar  School;  formerly  Scholar  of  Sydney  Sussex  College,  Cam- 
bridge. Books  I.  to  VL,  with  XI.,  and  Appendix;  and  a wide 
selection  of  Examination  Papers.  Crown  8vo,  4s.  6d. 

Books  I.  to  IV.  in  one  vol.,  2s.  6d.  Book  I.,  Is.;  II.,  6d.;  III., 
Is.;  IV.,  6d.;  V.  and  VI.  togetlier.  Is.;  XI.,  Is.  6d. 

KEY  to  Book  I.,  2s.  6d.;  to  complete  Euclid,  5s. 

'J'he  system  of  arrangement  allows  enunciation,  figure,  and  proof  to 
be  all  in  view  together.  Notes  and  Exercises  are  directly  appended 
to  the  propositions  to  which  they  refer. 

“The  demonstrations  are  neatly  and  concisely  put,  with  a line  for  each  step 
in  the  argument,  and  .we  detect  no  violence  done  to  the  text.  . . . From  its 

excellent  arrangement,  and  the  beauty  of  the  type  and  diagrams,  we  should  think 
that  Mr.  Layng’s  Euclid  will  become  a favourite  with  many  teachers.” — 
Saturday  Review. 

“The  special  features  of  the  work  are  the  use  of  symbols,  great  clearness  in 
the  arrangement  of  the  argument,  and  the  exercises  at  the  end  of  each  proposi- 
tion, which  are  those  of  a practical  teacher,  who  knows  the  capacity  of  an  ordin- 
ary schoolboy’s  intelligence.  Those  on  the  definitions  are  especially  good,  and 
will  prove  most  suggestive  to  young  and  inexperienced  teachers.” — Spectator. 

“The  subject  is  made  really  interesting  as  well  as  instructive.  . . . The 

more  we  have  looked  into  this  Euclid  the  higher  has  been  our  appreciation  of  its 
merits.” — Schoolmaster. 

“This  is  one  of  the  best  Euclid?,,  if  not  the  very  best,  we  have  seen.  There  is 
conciseness  in  the  proofs  which  we  have  not  yet  met  with,  and  the  fact  that  the 
text  is  so  arranged  that  the  enumeration,  figure,  and  proof  of  each  proposition 
are  all  on  view  together,  must  prove  of  great  assistance  to  the  student.  There 
are  also  many  additional  examples,  from  easy  to  rather  difficult,  which  add  still 
further  to  the  value  of  the  work.  We  need  scarcely  add  that  the  printing  is 
excellent.” — Civil  Service  Gazette. 

“ The  nearest  approach  we  have  met  with  to  the  royal  road  to  learning  Euclid’s 
Elements  of  Geometry,  and  we  advise  any  whose  lot  it  is  to  teach  or  study  this 
subject  to  put  himself  into  possession  of  a copy  at  once.”— Teachers’  Aid. 
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MATHEMATICS— 

^ Blackie’s  Euclid  and  Mensuration  for  Beginners.  The 

first  two  books  of  Euclid  (with  Exercises),  and  easy  Exercises  in 

Mensuration  (with  Answers).  Cloth,  6c/. 

“Those  who  want  a useful  class-book  for  the  sul)jects  mentioned,  and  are 
pressecl  in  point  of  price,  may  go  farther  and  fare  much  worse.  We  can  heartily 
recommend  this  Euclid  and  Mensuration  to  our  readers.”-  Schoolmaster, 

Elementary  Mensuration,  Lines,  Surfaces,  and  Solids.  With 

Numerous  Exercises.  By  J.  Martin.  E’cap  8vo,  cloth  limp,  10c/. 

“This  will  he  a useful  l)ook  in  schools  in  which  elementary  mensuration  is 
systematically  taught.” — School  Guardian. 

“A  valuable  manual  of  mensuration.  It  pretends  to  notliing  beyond  tlie  plain 
rules  of  measuring;  but  as  a practical  guide  to  the  measurements  of  everyday 
life  it  will  he  found  all  that  could  be  desired.  The  rules  are  idain,  the  illustra- 
tions simple,  and  the  exercises  sufficiently  numerous  and  varied  to  insure  a 
thorough  understanding  of  the  subject.” — Educational  News. 

Preliminary  Algebra.  By  B.  Wyke  Bayliss,  b.a.,  Vice-Principal 

of  the  United  Service  Academy,  Southsea,  formerly  Scholar  and 

Prizeman  of  Peterhouse,  Cambridge.  F’cap  8vo,  cloth,  2s. 

“ It  is  one  of  the  most  concise,  compact,  and  practical  elementary  handbooks 
of  algebra  to  be  met  with.” — The  Bookman. 

“This  is  distinctly  a modern  treatment  of  algebra.  There  is  a freshness  about 
the  volume  which  i)leases  us.  In  his  treatment  of  factors  the  author  has  put 
things  so  plainly  that  the  student  who  does  not  understand  the  subject  cannot 
fail  to  get  help  here.  In  fact,  all  through  the  book  methods  are  explained  and 
examples  given  which  will  prove  of  inestimable  value  to  those  weak  in  this  sub- 
ject. For  elementary  school  use  and  preliminary  purx)oses  it  is  the  book  to 
adopt.”— Teacher’s  Aid. 

“A  capital  little  text-book,  copiously  supplied  with  definitions  explanations, 
and  examples — worked  and  unworked.” — Board  Teacher. 

“ Teachers  of  elementary  mathematics  should  make  a point  of  seeing  this 
book.”— Schoolmaster. 

“The  explanations  are  brief  but  clear,  and  the  exercises  thereon  abundant.” — 
Academical  Review. 

Algebraic  Factors.  How  to  Find  them  and  how  to  Use  them  ; 

Factors  in  the  Examination  Boom.  By  Dr,  W.  T.  Knight.  F’cap 

8vo,  cloth,  2s.  Key,  3s.  6c/. 

“There  is  no  doubt  that  a knowledge  of  algebraic  factors  is  of  the  greatest 
importance  to  a beginner  in  mathematics,  and  in  Mr.  Knight’s  little  volume  the 
student  will  find  an  excellent  manual  for  every-day  practice.  It  certainly  does 
justice  to  the  Subject,  and  may  be  confidently  recommended.”— Educational 
Times. 

“This  book— the  general  plan  of  which  is  to  show  the  most  useful  methods  of 
obtaining  factors,  and  to  illustrate  the  more  imiiortant  uses  to  which  they  can  be 
put— will  prove  invaluable  to  young  students.  The  formula)  are  well  arranged, 
with  due  regard  to  their  comparative  difficulty,  and  are  ajiplied  first  to  simple 
expressions,  and  afterwards  to  those  of  a more  intricate  character.”— School 
Guardian. 
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MATHEMATICS — Continued. 

Algcebra:  up  to  and  Including  Progkessions  and  Scales  op 
Notation  ; for  Schools,  Science  Classes,  Pupil- Teachers,  Students, 
&c.  ]>y  J.  G.  Kerr,  m.a..  Headmaster  of  Allan  Glen’s  Technical 

School.  F’cap  8vo,  cloth,  2s.  6d. 

“A  well-arranged,  clear,  and  useful  little  book.” — Athenaeum, 

“ The  book  is  admirably  arranged,  well  printed,  and  answers  to  the  ‘ two-hours’ 
papers’  are  given  at  the  end.” — Journal  of  Education. 

“The  distinctive  feature  of  this  algebra  is  the  way  in  which  explanations  and 
examples  are  combined.  The  steps  taken  are  easy  and  carefully  graduated.  A 
pupil  might  take  up  the  book  and  almost  without  the  aid  of  a teacher,  go 
through  it  from  beginning  to  end.  It  includes  all  that  is  necessary  for  any 
examination  in  elementary  algebra,  np  to  and  including  quadratics,  progressions, 
ratios,  and  scales  of  notation.  The  explanations  are  remarkably  clear  and  con- 
cise, and  the  examples  varied  and  plentiful.  We  have  had  great  pleasure  in 
examining  the  work,  and  can  cordially  recommend  it.” — Practical  Teacher. 

ElGmentaPy  Alg’Gbra.  From  Notation  to  Easy  Quadratic  Equa- 
tions. F’cap  8vo,  cloth.  Is.  6(/,  With  Answers,  2s. 

“A  very  good  book  indeed.  . . . The  examples  are  numerous  and  the  explana- 
tions clear.” — Schoolmaster. 

“ There  is  a large  and  good  collection  of  exercises,  several  worked  out  for 
illustration,  numei’ous  test  papers  and  answers.  The  book  is  neatly  got  up,  and 
the  compiler  has  made  a judicious  selection  of -book  work.” — Academy. 

“ It  is  simple  all  the  way  along,  and  the  exercises  are  not  stiff  beyond  the  usual 
level  of  the  examinations.  There  is  a good  supply  of  test  papers.”— School 
Board  Guardian. 

“ As  an  introduction  to  the  science,  for  both  elementary  and  secondary  schools, 
it  would  be  difficult  to  find  one  of  equal  merit.” — Schoolmistress. 

Blaekie’s  Alg’ebra  for  Beginners.  From  Notation  to  Simple 
Equations  and  Square  Hoot.  With  Answers,  cloth,  Qd. 

“The  simple  explanations  and  abundant  examples  supply  ample  means  for 
giving  an  excellent  grounding  in  elementary  algebra.  Answers  are  appended  at 
the  end  of  the  book.  We  wish  the  work  the  success  that  it  well  deserves.” — 
Schoolmaster. 

Mathematical  Wrinkles  for  Matriculation  and  other 

Exams.  Consisting  of  Six  Sets  of  London  Matriculation  Papers  in 
Mathematics,  with  full  Solutions,  By  Dr.  W.  T.  Knight.  F’cap 
8vo,  cloth,  2s.  6cZ. 

“The  work  is  thoroughly  done,  and  the  result  is  a book  likely  to  be  very  ser- 
viceable to  students.”— Academy. 

“ The  utility  of  such  a woi’k  as  this  to  matriculation  candidates  is  obvious,  and 
we  are  of  opinion  that  it  will  prove  equally  valuable  to  students  preparing  for 
any  examination  in  elementary  mathematics.” — School  Guardian. 

“ . . . Will  be  of  great  service  to  those  who,  having  studied  from  the  text- 
books, with  or  without  the  aid  of  a teacher,  are  desirous  of  forming  a fairly  correct 
estimate  as  to  the  difficulty  of  the  subject,  and  their  ability  to  pass  through  it.”— 
Board  Teacher. 

“A  book  of  ‘reminders’  and  ‘suggestions’.” — Journal  of  Education^ 
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Elementary  Text-Book  of  Trigonometry.  By  K H. 

Pinkerton,  b.a.,  Balliol  College,  Oxford;  Lecturer,  University 

College,  Cardiff.  P’cap  8vo,  cloth,  25. 

“ An  excellent  elementary  text-book  likely  to  be  found  very  useful  as  a means 
of  preparing  for  examinations.  . . . The  exposition  and  demonstration  of 

principles  are  remarkable  for  clearness  and  fulness,  the  work  favourably  con- 
trasting in  this  respect  with  the  text-books  of  former  days.” — Athenaeum. 

“It  everywhere  shows  evidence  of  thoughtful  arrangement,  and  is  not  by  any 
means  a rechauffe  of  previous  works  on  the  subject.  . . . Clearness  of 

arrangement  and  of  exposition  commend  the  work  to  students  who  are  reading 
up  for  the  science  and  art  and  similar  examinations.” — Academy. 

“Seems  well  adapted  for  ‘students  preparing  for  University  pass  examinations, 
and  other  examinations  in  which  elementary  trigonometry  is  needed’.  We  have 
not  detected  any  want  of  accuracy  in  its  pages.” — Saturday  Review. 

“ We  have  little  but  praise  to  give  Mr.  Pinkerton’s  little  book,  treating,  as  it 
does,  in  a lucid  form,  of  plane  trigonometry  as  now  taught.  One  excellent 
feature  is  the  number  of  numerical  examples  supplied  in  it.”— Knowledge. 

An  Introduction  to  the  Differential  and  Integral  Cal- 
culus. With  examples  of  applications  to  Mechanical  Problems. 
By  W.  J.  Millar,  c.e.  F’cap  8vo,  cloth.  Is.  6cf. 

“Will  be  helpful  to  engineering  and  mechanical  students  who  have  not  the 
time,  nor  perhaps  the  mathematical  ability  for  advancing  further  into  the 
subject.” — Academy. 

“ It  is  clearly  written,  the  examples  are  well  chosen,  and  it  is  on  the  whole 
wonderfully  accurate.  . . . We  cordially  hope  that  the  little  book  may  attain  its 
object  of  smoothing  and  rendering  attractive  to  practical  engineers  the  rather 
forbidding  pathway  leading  to  the  higher  mathematics.” — Nature. 

“ His  explanations  of  the  elementary  principles  of  the  calculus  are  clear,  his 
illustrations  well  chosen.  . . . The  book  is  pre-eminently  a pleasant,  handy,  and 
useful  compendium.” — Journal  of  Education. 

“This  little  treatise  is  worthy  of  the  attention  of  mathematical  students ;. .its 
merits  are  the  simplicity  of  treatment,  and  the  practical  character  of  the  ex- 
amples. ” — School  master. 

“This  little  book  is  deserving  of  recognition  from  engineer  students,  because 
it  embodies  an  effort  to  provide  them  with  ‘ an  outline  of  the  i)rinciples  of  the 
calculus’,  and  examples  of  these  principles  similar  to 'those  likely  to  occur  in 
practice.  The  value  of  such  a work  has  long  been  admitted.  ...  It  is  practical 
from  beginning  to  end.”— Engineer. 

“A  safe  and  easy  introduction  to  our  best  works  on  mechanical  jihilosophy, 
and  ought  to  find  a place  in  every  engineer’s  library  . . . the  cheapest  eighteen 
pence  worth  of  pure  and  applied  science  recently  published  in  the  United  King- 
dom.”— Indian  Engineer. 


Examination  Arithmetic:  Containing  1200  Arithmetical  Pro- 
blems and  Exercises  (with  Answers).  Classified  by  T.  S.  Harvey. 
Cloth,  2s.  Key,  containing  the  Problems  fully  worked  out,  cloth, 
4s.  6(Z. 

“We  have  no  hesitation  in  saying  that  of  all  the  examination  arithmetics 
which  have  come  under  our  notice— and  they  are  not  a few— this  is  by  far  the 
best.” — The  Practical  Teacher. 
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MATHEMATICS — Continued. 

Moreantile  Arithmetie  for  Commercial  and  Continuation  Classes. 

Jiy  E.  T.  Pickering,  Accountant  to  the  Birmingham  School  Board, 

formerly  Lecturer  on  Mercantile  Arithmetic  at  the  Birmingham  and 

Midlands  Institute.  F’cap  8vo,  Is.  Qd. 

“ It  is  thoroughly  practical,  and  in  the  explanations  there  is  no  waste  of  words, 
The  author  is  particularly  lucid  in  his  explanations  of  stocks  and  shares,  foreign 
exchanges,  and  the  metric  system.” — Glasgow  Herald. 

“ Mr.  Pickering’s  book  Avill  prove  a treasure  for  those  for  whom  it  is  intended.’ 
—Capitalist. 

^ This  book  is  an  invaluable  addition  to  the  enormous  library  of  arithmetical 
treatises.” — Educational  News. 

“ As  a preparation  for  a commercial  life  we  know  of  no  better  book  on  this 
subject  in  the  market,  and  teachers  who  are  conducting  classes  under  the  County 
Councils  in  commercial  subjects  will  find  the  materials  of  Mercantile  Arithmetic 
all  ready  to  their  hands.  We  heartily  recommend  it  to  the  profession.” — School- 
master. 

A PPaetieal  Arithmetic  on  an  entirely  new  method  for  Schools, 

Colleges,  and  Candidates  preparing  for  Civil  Service,  University 

Local,  and  other  Examinations.  By  John  Jackson.  Third  Edition. 

416  pp.,  f’cap  8 VO,  cloth,  4s. 

“ From  the  beginning  to  the  end  not  fanciful  quibbles,  but  operations  of  con- 
stant occurrence  in  business  transactions  are  provided  for  the  student.  The 
book  is  a mine  of  examples.” — Educational  News. 

“The  new  methods  of  working  long  division  and  proportion  here  set  forth  will 
be  found  invaluable.” — Educational  Times. 

“This  book  . , . deserves  to  be  commended  as  eminently  practical  and 
scientific.  . . . The  rules  laid  down  are  lucid,  and  the  methods  exemplified 

are  simple  in  the  extreme.  . . . It  is  altogether  a very  carefully  prepared 
educational  manual,  which  we  can  thoroughly  recommend  to  students  of  arith- 
metic.”— Civil  Service  Gazette. 

“Any  person  who  desires  to  become  a good  practical  arithmetician,  or  to  take 
a respectable  place  at  a public  competition,  should  lose  no  time  in  procuring  a 
copy.” — Irish  Teacher. 


LONDON:  BLACKIE  & SON,  Limited,  50  OLD  BAILEY,  E.C. 
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